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PUBLICATIE VAN DE HOGE GEZONDHEIDSRAAD nr. 9241 
 
Beoordeling van de effecten van neonicotinoïden en fipronil op de 
biodiversiteit en gezondheid 
 
In this scientific advisory report on public health policy, the Superior Health Council of 
Belgium provides a review of the WIA-study on the impact of neonicotinoids and fipronil on 
biodiversity and ecosystems, and places the findings of this study and the conclusions of a 
similar, more recent study of EASAC in the wider context of the European and Belgian 
pesticide policy and of the role of ecosystem services in fostering human health. 
 
The Superior Health Council concludes that the results of the WIA- and the EASAC-
studies on the human and ecosystem health effects are important warning signs, and 
advocates the urgent need for further study of the toxicity of these compounds and of 
human exposure, as well as their effects on ecosystem services. 
 
Versie gevalideerd op het College van  
1 juni 20161 
 
 
 
 
SAMENVATTING 
 
Insecticiden op basis van neonicotinoïden bevatten vijf werkzame stoffen, die samen met 
hetinsecticide fipronil, hoofdzakelijk en wijdverbreid gebruikt worden bij de productie van 
gewassen over de hele wereld en ook in België. Recent werd het gebruik van deze pesticiden 
geassocieerd met de afname van bijenkolonies en andere bestuiverspopulaties. In 2014 
publiceerde een internationaal wetenschappelijk panel, ondersteund door de Internationale 
Unie voor Natuurbehoud, een uitgebreide analyse van de effecten van deze pesticiden op 
bestuivers, andere soorten en ecosystemen: Worldwide Integrated Assessment of the Impact 
of Systemic Pesticides on Biodiversity and Ecosystems (WIA). De studie kwam tot het besluit 
dat er reden tot bezorgdheid is wat betreft de negatieve effecten op bestuivers en andere 
soorten en op de werking van de ecosystemen. 
 
  
                                               
1 De Raad behoudt zich het recht voor om in dit document op elk moment kleine typografische verbeteringen aan te brengen. 
Verbeteringen die de betekenis wijzigen, worden echter automatisch in een erratum opgenomen. In dergelijk geval wordt een 
nieuwe versie van het advies uitgebracht. 
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De publicatie van de WIA-studie vormde de aanleiding voor de federale ministers van 
Volksgezondheid en Landbouw, samen met de voormalige staatssecretaris van Milieu om de 
Hoge Gezondheidsraad (HGR) te verzoeken zich over deze studie te buigen en de 
wetenschappelijke kwaliteit en de toepasbaarheid van de conclusies op België te 
onderzoeken. Dit verslag beantwoordt aan de vraag van de regering en plaatst tevens de 
bevindingen van de WIA-studie, naast de conclusies van een vergelijkbare, meer recentere 
(2015) studie van de European Academies Science Advisory Council (EASAC) en de 
bevindingen van Godfray et al. (2014, 2015) in de bredere context van het Europese en 
Belgische pesticidenbeheer en de rol van de diensten die ecosystemen leveren voor de 
menselijke gezondheid van de mens. 
 
WIA-studie 
 
De WIA-studie is noch een systematische review, noch een meta-analyse. De studie moet 
beschouwd worden als een "integrale beoordeling", te vergelijken met verslagen van andere 
nationale en internationale organisaties zoals de Hoge Gezondheidsraad (HGR). De auteurs 
besluiten dat uit de geanalyseerde wetenschappelijke gegevens blijkt dat de effecten op 
bestuivers, andere soorten en ecosystemen waarschijnlijk een aantasting van het milieu 
betekenen. De WIA-studie (2014) biedt een synthese van 1.121 gepubliceerde peer-reviewed 
studies, uit hoofdzakelijk de laatste vijf jaar en neemt ook de studies op die gesponsord zijn 
vanuit de industrie.Hoewel de studie aan duidelijkheid zou winnen indien meer informatie zou 
worden gegeven over het opzoeken en selecteren van de literatuur, zijn er volgens de HGR 
geen aanwijzingen dat er sprake zou zijn van vooringenomenheid. De Raad besluit derhalve 
dat de resultaten serieus moeten worden genomen, temeer daar de WIA-resultaten 
overeenstemmen met die van de EASAC-studie. Hoewel de WIA-studie niet alle elementen 
in aanmerking neemt die nodig zijn om een volledige beoordeling uit te voeren van de impact 
op het milieu en de gezondheid van de mens en hoewel de omgevingsconcentraties 
verschillen van regio tot regio, naargelang de landbouwpraktijken, oordeelt de HGR dat de 
bezorgdheden die voortkomen uit de WIA- en EASAC-studies ook België aanbelangen. 
 
Gezondheid van de mens 
 
De insecticiden die in dit advies besproken worden hebben niet alleen een impact op de 
gezondheid van ecosystemen, maar uit waarnemingen blijkt dat ze ook neurotoxiciteit 
veroorzaken. Het is aangetoond dat thiacloprid kankerverwekkend is. Genotoxische effecten 
werden in vitro waargenomen, ook in menselijke cellen, evenals in sommige in vivo 
dierproeven, maar zijn moeilijker aantoonbaar in epidemiologisch onderzoek. Er zijn steeds 
meer bewijzen voor, onder andere, een endocrien verstorende impact bij steeds lagere 
blootstellingsniveaus. Fipronil heeft vermoedelijk een negatieve invloed op het endocrien 
systeem. Het foetaal leven en de kindertijd zijn kritieke blootstellingsperiodes.  
 
De Europese referentieniveaus voor beroepsmatige blootstelling aan de neonicotinoïden 
acetamiprid en imidacloprid werden naar beneden gebracht in 2013 en de toxiciteit van de 
andere verbindingen zullen in de komende jaren herzien worden.  
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Over de effecten van chronische blootstellingen, bv. via de voedselketen bestaat er 
onzekerheid, alsook over de effecten van cumulatieve blootstelling aan mengsels van deze 
verbindingen en met andere polluenten.  
 
Behalve de effecten van een rechtstreekse blootstelling aan de verbindingen, is er een 
groeiende bezorgdheid (ook gevoed door recentere publicaties dan de WIA- en EASAC-
verslagen) rond de effecten op de menselijke gezondheid ten gevolge van een daling van de 
voedselkwaliteit en voedselproductie door de effecten op bestuivers en ecosysteemdiensten. 
Ondanks de onzekerheid over de effecten in de tijd en de ernst ervan, pleit de HGR ervoor 
om in deze kwestie het voorzorgsbeginsel te hanteren, ook in België. Hoewel de huidige 
niveaus in het milieu waarschijnlijk geen acute gezondheidseffecten uitlokken, herhaalt de 
Raad zijn bezorgdheid over de effecten van chronische blootstellingen ten gevolge van 
wijdverspreide toepassingen van deze pesticiden. 
 
Pest management 
 
Een innoverende manier om deze insecticiden toe te passen is het gebruik als zaadcoating, 
wat voordelen heeft voor de landbouwpraktijken en de blootstelling beperkt voor landbouwers 
en de mensen die in de regio's wonen waar de pesticiden worden aangewend. 
Gewasbeschermingsmiddelen zouden op een manier moeten worden toegepast, waardoor er 
zo weinig mogelijk residuen achterblijven. 
 
Het Europese en Belgische beleid van Integrated Pest Management (IPM) heeft chemische 
gewasbescherming vastgelegd als een laatste toevluchtsmiddel. IPM kan beschouwd worden 
als onderdeel van een voorzorgsstrategie om de bezorgdheden aan te pakken omtrent de 
effecten van pesticiden op de gezondheid van de mens en ecosystemen, zelfs wanneer de 
wetenschappelijke bewijsvoering veel (on)zekerheden inhoudt. 
 
Onderzoek 
 
Gelet op de wetenschappelijke lacunes, het wijdverspreide gebruik van de betreffende 
insecticiden, het opwekken van resistentie tegen pesticiden, wat leidt tot het gebruik van nog 
krachtigere agentia, en de bezorgdheden over de effecten op de volksgezondheid van 
chronische blootstellingen, beveelt de HGR stellig aan dat er verder onderzoek wordt gevoerd 
naar de eigenschappen van de verbindingen (en ook van gelijkaardige producten) en de 
effecten ervan op de gezondheid van mens en ecosysteem. Het onderzoek wordt bij voorkeur 
op Europees niveau of zelfs op internationale schaal gecoördineerd. Behalve dergelijke 
studies, pleit de HGR er ook voor om meer in te zetten op het ontwikkelen van alternatieve 
gewasberschermingsmethoden en -middelen. Zowel IPM als verder onderzoek vereisen de 
betrokkenheid van een relevante interdisciplinaire groep van experten en een diversiteit aan 
relevante maatschappelijke stakeholders om de maatschappelijke implicaties (economie, 
gezondheid, enz.) van de verschillende beschermingsopties te beoordelen. 
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Conclusie 
 
Samengevat besluit de HGR dat de resultaten van de WIA- en EASAC-studies over de 
effecten op de gezondheid van mens en ecosysteem belangrijke (vroege) 
waarschuwingstekens zijn. De resultaten zetten de Raad ertoe aan om te pleiten voor een 
grotere omschakeling naar IPM-praktijken met het oog op het beperken van de toepassing 
van neonicotinoïden en fipronil insecticiden.  
 
Ook verder onderzoek naar de toxiciteit van deze verbindingen en van de menselijke 
blootstelling, alsook naar de effecten ervan op de ecosysteemdiensten, bv. door een daling 
van de bestuiversaantallen, is dringend nodig. Tot slot wordt het sterk aanbevolen om 
stakeholders te betrekken bij de beoordeling van de maatschappelijke impact van 
beschermingsopties. 
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Keywords and MeSH descriptor terms2 
 
MeSH (Medical Subject Headings) is the NLM (National Library of Medicine) controlled vocabulary thesaurus used for indexing 
articles for PubMed http://www.ncbi.nlm.nih.gov/mesh. 
 
  
                                               
2 The Council wishes to clarify that the MeSH terms and keywords are used for referencing purposes as well as to provide an 
easy definition of the scope of the advisory report. For more information, see the section entitled "methodology". 
MeSH 
terms* 
 Keywords Sleutelwoorden Mots clés Schlüsselwörter 
-  neonicotinoids neonicotinoïden néonicotinoïdes Neonicotinoide 
“fipronil”  fipronil fipronil fipronil Fipronil 
“biodiversity”  biodiversity biodiversiteit biodiversité Biodiversität 
“health”  health gezondheid santé Gesundheit 
“Belgium”  Belgium België Belgique Belgien 
“government 
regulation” 
 regulation regelgeving réglementation Regulierung 
-  methods 
assessment 
methodenbeoordeling Évaluation des 
méthodes  
Methodenbewertung 
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ABBREVIATIONS AND SYMBOLS 
 
AChE Acetylcholinesterase 
ADHD Attention Deficit Hyperactivity Disorder 
ADI Acceptable Daily Intake 
AKP Alkaline Phosphatase 
AOEL Acceptable Operator Exposure Level 
aOR adjusted Odds Ratio 
ARfD Acute Reference Dose 
BW Body Weight 
CI Confidence Interval 
CK Creatinine Kinase 
CNS Central Nervous System 
DAR Draft Assessment Report 
DNA Deoxyribonucleic Acid 
DNT Developmental Neurotoxicity 
DT50 degradation time or the time that has to pass to degrade 50 % of the 
initial dose 
EASAC European Academies Science Advisory Council 
ECHA European Chemicals Agency 
EFSA European Food Safety Authority 
EPA Environmental Protection Agency 
EU European Union 
FASFC Federal Agency for the Safety of the Food Chain 
FOB Functional Observational Battery 
FPS Federal Public Service 
GABA γ-aminobutyric acid 
GD Gestation Day 
GFAP Glial Fibrillary Acidic Protein 
IPM Integrated Pest Management 
IQR Interquartile Range 
IWT Agentschap voor Innovatie door Wetenschap en Technologie / Agency 
for Innovation by Science and Technology 
Koc Soil Organic Carbon-Water Partitioning Coefficient 
Kow Octanol-Water Partitioning Coefficient 
LD Lactation Day 
LD50 Median Lethal Dose 
LDH Lactate Dehydrogenase 
LOAEL Lowest Observed Adverse Effect Level 
LPO Lipid Peroxidation 
MAC Maximum Allowable Concentration 
nAChR nicotinic Acetylcholine Receptor 
NOAEL No Observed Adverse Effect Level 
NT Neurotoxic 
PND Postnatal Day 
PPP Plant Protection Product 
PPR EFSA scientific Panel on Plant Protection Products and their Residues 
Pv vapour Pressure 
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RfD Reference Doses 
S water solubility 
SENSOR Sentinel Event Notification System for Occupational Risks 
SHC Superior Health Council 
SLA Spontaneous Locomotor Activity 
TRH Thyrotropin Releasing Hormone 
TSH Thyroid Stimulating Hormone 
vet subst veterinarian substance 
VITO Vlaamse Instelling voor Technologisch Onderzoek 
WIA Worldwide Integrated Assessment on the risks of neonicotinoids and 
fipronil to biodiversity and ecosystem functioning 
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I. INLEIDING EN PROBLEMATIEK 
 
Sinds 1994 rapporteren Franse bijenhouders alarmerende signalen over het gedrag van 
honingbijen (Apis mellifera): velen kwamen niet terug naar hun korven, ze raakten 
gedesoriënteerd, vertoonden abnormaal voedingsgedrag en hun populatie nam af, 
voornamelijk ten gevolge van verliezen tijdens de winter. 
 
Vandaag neemt de bijenpopulatie nog steeds af in vele plaatsen in de wereld en ook in Europa 
en België. Bijenhouders stellen vast dat jaarlijks 5 tot 10 procent van hun bijen sterft. 
Bovendien krimpt ook de verspreiding van bijenpopulaties (Godfray et al., 2015). Sinds 2006 
lopen in sommige jaren de verliezen op tot 30 procent, waardoor bijenhouders significante 
economische verliezen leiden. Naast het economische aspect wordt de vraag gesteld in 
hoever de dood van de bijen beschouwd zou moeten worden als een indicator voor een breder 
milieuprobleem inzake kwaliteit en duurzaamheid, hetgeen ook een mogelijke bedreiging voor 
de gezondheid van de mens betekent. 
 
Er is geen sluitend antwoord op deze vraag en er bestaan verschillende hypotheses. Zoals 
vaak het geval is in de wetenschappelijke wereld geldt dat hoe meer hypotheses er over een 
bepaald onderwerp zijn, hoe minder op feiten gebaseerde kennis er beschikbaar is. Niettemin 
zijn er steeds meer wetenschappelijke gegevens die eveneens pesticiden en meer bepaald 
neonicotinoïden en fipronil aanwijzen als een oorzaak voor de dalende bijenpopulaties. 
 
Een belangrijke bron van informatie voor de bovenstaande conclusie is de “Worldwide 
integrated assessment of the impact of systemic pesticides on biodiversity and ecosystems” 
(WIA, 2014) de eerste integrale wetenschappelijke beoordeling van de huidige beschikbare 
gegevens. De studie biedt een review aan van 1.121 relevante peer-reviewed papers en 
publieke verslagen. De resultaten documenteren de effecten op zowel ecosystemen als 
soorten. De resultaten tonen een versnelde wereldwijde afname onder de ongewervelde 
dieren en wijzen op de risico's voor de biodiversiteit en ecosysteemdiensten. De studie 
onderschrijft het heroverwegen van het wijdverbreide, profylactische gebruik van 
neonicotinoïden en het toepassen van het voorzorgsbeginsel om de regelgevingen verder te 
verstrengen. 
 
Het onderwerp van de WIA-studie werd onlangs ook behandeld door een studie van de 
European Academies Science Advisory Council: “Ecosystem services, agriculture and 
neonicotinoids” (EASAC, 2015). Deze studie bevestigt ruimschoots de resultaten van de WIA-
studie en is relevant voor dit advies als een referentiepunt voor de WIA-gegevens en -
resultaten. 
 
Verder biedt de literatuurstudie van Godfray et al. (2014, 2015) een overzicht van de recente 
ontwikkelingen in het natuurwetenschappelijk bewijsmateriaal betreffende de effecten van 
insecticiden op basis van neonicotinoïden op bestuivende insecten. 
 
De problematiek wordt behandeld op Europees niveau. De Task Force on Systemic Pesticides 
buigt zich momenteel over insecticiden op basis van neonicotinoïden en sommige andere 
insecticiden met gelijkaardige effecten.  
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Van de stoffen die in deze studie aan bod komen, zijn er zeven in Europa goedgekeurd als 
stoffen die door de lidstaten mogen worden toegelaten in gewasbeschermingsmiddelen (ze 
zijn opgenomen in de bijlage van de Uitvoeringsverordening (EU) Nr. 540/2011 van de 
Commissie (EC, 2011)). Deze stoffen zijn: fipronil, imidacloprid, clothianidin, thiamethoxam, 
acetamiprid, thiacloprid en sulfoxaflor. Met uitzondering van sulfoxaflor zijn in België al deze 
stoffen toegelaten in gewasbeschermingsmiddelen. Naar aanleiding van een beoordeling van 
de effecten op honingbijen, gelden er beperkingen voor de eerste vier van deze stoffen met 
het oog op het beschermen van bijen (Uitvoeringsverordening (EU) Nr. 781/2013 van de 
Commissie (EC, 2013b), en Uitvoeringsverordening (EU) Nr. 485/2013 van de Commissie 
(EC, 2013a)). 
 
Op dit ogenblik worden de stoffen waarvoor beperkingen werden opgelegd, onderworpen aan 
bijkomende beoordelingen op Europees niveau. 
- De Verordeningen (EU) Nr. 781/2013 (EC, 2013b) en 485/2013 (EC, 2013a) 
verzoeken de producenten om binnen 2 jaar verdere gegevens in te dienen om de 
veiligheid te bevestigen van het restrictief gebruik ten opzichte van bestuivers. 
- In 2015 heeft de Europese Autoriteit voor Voedselveiligheid (EFSA) een open 
oproep gedaan voor het indienen van verdere gegevens door alle betrokken partijen; 
in november 2015 heeft de Europese Commissie de EFSA gemandateerd om de 
ingediende gegevens te beoordelen. 
- De beperkingen in de Verordeningen (EU) Nr. 781/2013 en 485/2013 zijn 
gebaseerd op een EFSA Conclusie waarin elk gebruik van de betrokken stoffen voor 
zaadbehandeling en als granulaten beoordeeld werd; de EFSA heeft ondertussen al 
het andere gebruik van deze stoffen beoordeeld en in het bijzonder dat als 
bladbehandeling. De conclusies van deze beoordelingen werden gepubliceerd in 
augustus 2015 (EFSA, 2015a; EFSA, 2015b; EFSA, 2015c). 
- De goedkeuring van een werkzame stof wordt normaal gezien verleend voor 
een periode van 10 jaar en kan hernieuwd worden; in het kader van een hernieuwing 
werd er in 2015 een beoordeling opgestart van clothianidin en thiamethoxam; fipronil 
en imidacloprid zullen volgen binnen 1 of 2 jaar. 
- De EFSA heeft een wetenschappelijk advies uitgebracht over de toxicologische 
referentiewaarden voor imidacloprid en acetamiprid, naar aanleiding van een 
beoordeling van alle informatie ten aanzien van de ontwikkelingsneurotoxiciteit van 
deze stoffen. 
 
Over sulfoxaflor, een stof goedgekeurd door de Europese Commissie in 2015, moet er 
bevestigende informatie relevant bij de risicobeoordeling voor bijen worden ingediend binnen 
twee jaar na de datum van goedkeuring. Deze gegevens zullen beoordeeld worden door de 
als rapporteur optredende lidstaat. 
 
De resultaten van deze beoordelingen worden besproken of zullen besproken worden door 
de Europese Commissie en de lidstaten in het kader van het Permanent Comité voor de 
voedselketen en de diergezondheid en kunnen tot beslissingen op regelgevend vlak leiden. 
Het onderhavige advies onderschrijft het wetenschappelijk onderbouwde standpunt van 
België in het Permanent Comité en biedt ook ondersteuning aan de bevoegde Belgische 
overheden voor de toelating van gewasbeschermingsmiddelen. 
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Het is in deze context dat het Directiecomité van de FOD Volksgezondheid, Veiligheid van de 
Voedselketen en Leefmilieu de betrokken regeringsleden, met name de minister van 
Volksgezondheid, de minister van Landbouw en de staatssecretaris voor Milieu geadviseerd 
heeft om de HGR te verzoeken de WIA-studie te beoordelen. De HGR werd meer bepaald 
gevraagd om een advies te verlenen dat het volgende omvat: 
- een beoordeling van de studies van de Task Force on Systemic Pesticides die 
in de loop van de zomer in het tijdschrift Environmental Science and Pollution 
Research waren verschenen, met een bijzondere aandacht voor: 
o de wetenschappelijke deugdelijkheid van de methodologie aangewend 
door de auteurs; 
o de criteria voor de selectie van de geanalyseerde studies, met name 
deze inzake relevantie en betrouwbaarheid, waarbij gebruik kan worden 
gemaakt van de EFSA leidraad voor ‘Submission of scientific peer-reviewed 
open literature for the approval of pesticide active substances under Regulation 
(EC) No 1107/2009’ (http://www.efsa.europa.eu/en/efsajournal/pub/2092.htm); 
o de dosissen waaraan de testorganismen werden blootgesteld in de door 
de Task Force beoordeelde studies (en meer in het bijzonder of deze van een 
vergelijkbare grootteorde zijn als de dosissen waaraan deze organismen 
kunnen worden blootgesteld als gevolg van toepassingen overeenkomstig de 
in België vastgelegde toepassingsmodaliteiten); 
o in het geval deze dosissen inderdaad van een vergelijkbare grootteorde 
zijn; de mogelijke impact van het gebruik van de bedoelde stoffen op de 
biodiversiteit in België; 
o mogelijkerwijs in de toelatingen op te nemen risicobeperkende 
maatregelen om de blootstelling van niet-doelorganismen op een 
aanvaardbaar niveau te brengen; 
- de mogelijke impact op de menselijke gezondheid als gevolg van een 
blootstelling voortvloeiend uit toepassingen overeenkomstig de in België vastgelegde 
toepassingsmodaliteiten, met bijzondere aandacht voor de EFSA Scientific Opinion on 
the developmental neurotoxicity potential of acetamiprid and imidacloprid, en de 
wetenschappelijke onderbouwing van het in deze Opinion geformuleerde voorstel tot 
aanpassing van de toxicologische referentiewaarden. 
 
Bij het beoordelen van de relevantie van een studie zijn er drie factoren van fundamenteel 
belang (Maxim en van der Sluijs, 2013). 
 
(-) De wetenschappelijke kwaliteit, deze omvat de technische aspecten (is de meting 
accuraat?), methodologische aspecten (is een bepaalde methode passend voor het bedoelde 
gebruik?) en epistemologische aspecten (is er genoeg kennis beschikbaar?). Vooral zowel de 
algemene en specifieke methodologische kwesties zijn hier belangrijk. Voorafgaand aan de 
bespreking moet er worden opgemerkt dat de WIA-studie niet beweert een "systematische 
review" noch een "meta-analyse" te zijn, maar eerder een "alomvattende analyse". De vragen 
over de in de WIA gebruikte methodologie blijven relevant. De twee aanvullende studies 
(EASAC review; Godfray et al., 2014, 2015) eisen evenmin het predicaat van meta-analyse 
op. 
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(-) De kwaliteit van het onderzoeksproces dat de kennis tot stand bracht en de expertadviezen 
die gebruikt werden om na te gaan in hoeverre deze relevant waren om een actie te 
ondersteunen.  
Dit heeft betrekking op de competenties van de onderzoekers en experten, ervaring in het 
veld, institutionele affiliatie, welzijn op het werk, financiële contexten en andere relaties onder 
de experten en die met andere stakeholders. 
 
(-) De sociale kwaliteit, die verband houdt met de waardeoordelen die de communicatie 
beïnvloeden en het gebruik van wetenschappelijke informatie door experten en stakeholders 
in beleidsdiscussies. 
 
Overeenkomstig de opdracht van de HGR beperkt dit advies zich tot de eerste factor. Het 
advies is onderverdeeld in drie delen: 
- een beschrijving van het gebruik van neonicotinoïden en fipronil in België; 
- een review van de WIA-studie, de conclusies en de methodologie. Er gaat een 
bijzondere aandacht uit naar de aspecten van biodiversiteit. Twee recentere 
aanvullende reviewstudies (EASAC, 2014; Godfray 2014, 2015) komen ook aan bod, 
met een focus op hun relevantie voor de WIA-studie; 
- een review van de gezondheidseffecten/bedreigingen van neonicotinoïden, 
met een bijzondere aandacht voor de aspecten van neurotoxiciteit. 
Het concluderende hoofdstuk van het advies behandelt de beperkende en risicoverlagende 
methoden en kadert het advies binnen de regelgevende context. 
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II. METHODOLOGY OF THE ADVICE 
 
After analysing the request, the Board and the Chair of the working party on chemicals 
identified the necessary fields of expertise. An ad hoc working group was established including 
an interdisciplinary array of competences on pesticides, ecology and eco-toxicity, health and 
public health policy. The experts of this working group provided a general and an ad hoc 
declaration of interests and the Committee on Deontology assessed the potential risk of 
conflicts of interest. 
 
This advisory report is based on published papers in the international scientific literature and 
European and Belgian reports until 1 December 2015. It discusses the essentials of a health 
risk assessment: hazard (both health and eco-toxicological), exposure and dose-response 
relationships. These elements allow concluding on the questions which were submitted to the 
Council. When it includes the opinion of the experts, this is specifically indicated. 
 
Two authors of the WIA-study were heard. 
 
The draft advice report was reviewed by a scientific expert. On the basis of her comments, the 
report was revised. 
 
Once the advisory report was endorsed by the ad hoc working party and by the standing 
working group on chemicals, it was ultimately validated by the Board. 
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III. ELABORATION AND ARGUMENTATION 
 
1. Neonicotinoids and fipronil 
 
1.1 Chemical properties of the core substances and their metabolites 
 
Table 1. List of active substances classified as neonicotinoids and/or having post synaptic 
activity (acetylcholine receptor agonists). 
(PPP = plant protection product, vet subst = veterinarian substance) 
 
Active 
substance 
PPP*/biocide** 
Fipronil PPP-biocide (vet subst) 
Imidacloprid PPP-biocide (vet subst) 
Thiamethoxam PPP-biocide 
Clothianidin PPP 
Acetamiprid PPP-biocide 
Thiacloprid PPP 
* Ref. Fytoweb (www.fytoweb.be),  
**Ref. FPS (Federal Public Service) authorised biocides 
(http://www.health.belgium.be/eportal/Environment/Chemicalsubstances/Biocides_NEW/ListOfAu
thorisedBiocides/index.htm#.VNoPyi73ZTs) 
 
 
Fipronil Imidacloprid Thiamethoxam 
 
 
 
Clothianidin Acetamiprid Thiacloprid 
 
  
 
Figure 1. Structural formulas of the substances addressed by the advice. 
 
Table 1 lists the 6 active substances which are addressed by this advice. General information 
and details on the chemical properties of these substances are presented in annex 1. Figure 
1 provides the structural formulas showing the chemical relationships between these products. 
Four substances contain a chlorinated hexahedral ring. Imidacloprid, thiacloprid and 
acetamiprid share the toxicophore heterocyclic ring (the 6-chloro-3-pyridylmethyl moiety) while 
in thiamethoxam and its metabolite clothianidin, this moiety is replaced by a 2-chloro-5-
thiazolyl group. 
  
N
Cl CH2
N
NN
NO2
H
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 For classification purposes, the five chloronicotinyl compounds of interest are subdivided on 
the basis of the presence of a functional group at the other side of the molecule, either the 
nitroguanidines (imidacloprid, thiamethoxam and clothianidin) or cyanoamidines (thiacloprid, 
acetamiprid).Selected toxicity data related to consumption, worker exposure and eco-toxicity 
to aquatic life are provided in annex 2. Fipronil and neonicotinoids are mainly used as 
insecticides in crop protection. Fipronil and imidacloprid are also used as veterinary 
medication. Thiacloprid has next to insecticide properties, a molluscicide action. Except for 
fipronil most substances are reported to be systemically transported in crops. The mode of 
action is both: contact and stomach action. This means that the insect is intoxicated as a result 
of the intake (consumption) of the treated crop or through contact (uptake through the cuticle) 
with the treated crop surface. Fipronil and thiamethoxam are reported broad-spectrum 
insecticides. This means that these pesticides are toxic for a wide range of insects and hence 
may kill also non-target and beneficial insects like the honeybee. 
 
In July 2015 sulfoxaflor was approved as pesticide by the EU. The WIA report (2014) 
elaborates on five neonicotinoids and fipronil. Therefore, unless mentioned otherwise, the 
environmental and health effects discussed in this advice only relate to the six substances 
(five neonicotinoids and fipronil) on the market before 2015. 
 
Table 2. Ranking of substances according to their chemical properties (University of 
Hertfordshire, 2015) 
 
 High Medium Low 
Vapour pressure 
(Pv) 
Pv > 1000 mPa 0.01 mPa < Pv < 100 
mPa 
Pv < 0.01 mPa 
Water solubility (S) S > 500 mg/L 50 mg/L < S < 500 
mg/L 
S < 50 mg/L 
DT50 DT50 > 100d 30d < DT50 < 100d DT50 < 30d 
Koc Koc > 4000 500 < Koc < 4000 Koc < 500 
log Kow (= log P) log Kow> 3 2.7 < log Kow < 3 log Kow < 2.7 
 
Among the chemical properties of these substances (table 3), the most noticeable properties 
are: 
- vapour pressure (Pv), indicating if and to which extent a substance is volatile, which 
causes inhalation exposure; 
- water solubility (S), indicating if a substance is soluble in water and may contaminate 
the surface, ground- and drinking water; 
- DT50, indicating the persistence of a substance. DT50 stands for the degradation time 
or the time that has to pass to degrade 50 % of the initial dose. DT50 values vary 
according to the matrix where the substance is measured. DT50 values are commonly 
investigated for water (DT50 water) and soil (DT50 soil); 
- Koc (Soil Organic Carbon-Water Partitioning Coefficient), indicating the absorption 
properties of a substance. Koc is the partition coefficient determining the amount of 
substance that adsorbs to the organic carbon part when a substance is dissolved in 
water; 
- Kow (Octanol-Water Partitioning Coefficient) indicating the bio-accumulation 
properties. The octanol water partition coefficient is the distribution of the substance 
over the octanol (indicative for the bio matrix) and the water phase. 
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Table 3. Chemical properties of fipronil and neonicotinoids 
 
  fipronil imidacloprid thiamethoxam clothianidin acetamiprid thiacloprid 
Log Kow pH7, 20°C 3.75 0.57 -0.13 0.905 0.8 1.26 
Vapour 
pressure 
mPa 0.00037 4E-07 6.6E-06 2.8E-08 0.001 3E-07 
Solubility mg/L 1.9 610 4100 340 4250 185 
DT50 soil days 65 174 39 121 3 18 
DT50 
water/sed* 
days 68 129 50 56.4 5.8 19 
Koc* mL/g 577 225 56.2 160 106.5 615 
*Database lab Crop Protection Chemistry, UGent 
 
 
Based on the reported vapour pressures all substances are classified as (very) low volatile 
compounds. The vapour pressure is for most substances far below the reference value of 0.01 
mPa. This means that exposure to these compounds through the air is minimal. Only 
(professional) exposure to inhaled dust carrying the active pesticides is considered significant. 
 
For all compounds, except for fipronil, solubility in water is medium to high. This is also 
reflected by the systemic character of these compounds inside plants, in which water is 
transported from the roots to the leaves, where the water is vaporized. It is likely that the 
compounds are transported with the water phase in the plants. The water solubility ranks from 
1.9 mg/L for fipronil up to 4.25 g/L for acetamiprid. The latter value exceeds almost 10 times 
the reference value of 500 mg/L, which results in the classification ‘high’ in table 2. 
 
Investigating the bio-accumulation properties of these compounds, it seems that except for 
fipronil, the log Kow is below 1.3. This means that all neonicotinoids according to this 
classification system have low potential to bio-accumulate in the food chain. Fipronil however 
is classified as strongly bio-accumulative. 
 
1.2 Environmental characteristics (persistence) and fate 
 
The major parameter to evaluate the environmental fate, is the soil half-life time of the 
substance (DT50). Soil is the major receiving compartment when these products are applied 
during the cropping season. Low persistent substances are broken down within 30 days. High 
persistent products are products with a half-life time over 100 days. 100 days reflects a 
growing season of 3 months during which the substance degrades, otherwise problems may 
occur during the next growing season. As shown in table 3, neonicotinoids as imidacloprid and 
chlothianidin are highly persistent in soil and/or in water. However, degradation products may 
be relevant as well and may have a longer half life time than the parent active substance. 
Thiamethoxam for instance has a medium persistence in soil, but clothianidin, which is highly 
persistent in soil, is a major degradation product of thiamethoxam. The degradation of 
acetamiprid, with its very short half life time, is also leading to the presence of highly persistent 
and probable toxicologically relevant metabolites. 
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The sorption capacity of these substances to the organic matrix of the soil is intermediate to 
low. Only for fipronil and thiacloprid the Koc (slightly) exceeds the lower limit for the medium 
reference value. This means that, except for fipronil and thiacloprid, most substances, taking 
into account their persistence, are at risk of being transported through the soil matrix to a non-
target zone, for instance the groundwater. Based on their chemical Koc value, the compounds 
thiamethoxam, clothianidin and acetamiprid behave rather mobile in the environment. Data on 
the exposure routes of neonicotinoids and fipronil are summarized in box 1. 
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Box. 1. Exposure routes 
 
Exposure Route  
Air Based on the vapour pressures, all neonicotinoids are classified as (very) 
low volatile compounds. Occurrence of neonicotinoids in air as a vapour is 
not expected. 
Exposure during leaf application by workers, bystanders and residents 
may occur. This is because of droplet drift of the spray. 
Exposure during seeding by workers, bystanders and residents may 
occur. This is because of dust drift of fine particles released during 
seeding. 
Water Except for fipronil, solubility of neonicotinoids in water is medium to high. 
Occurrence of neonicotinoids in water is expected. 
Soil Some of the neonicotinoids are highly persistent. They remain a long time 
in soil. Exposure through soil contact is expected. 
Food Neonicotinoids are applied on fruit and vegetables. They can be detected 
in food. 
 
1.3 Use 
 
1.3.1 Use as plant protection products and as biocides or veterinary product 
 
Table 1 shows that neonicotinoids are not exclusively crop protection chemicals (PPP). The 
exposure to these substances in Belgium should also include their biocidal and veterinarian 
use. 
 
Some neonicotinoids (PPP) are not only used in agriculture by professionals, they are also 
used in private gardens, in parks and on sport terrains. The professional (authorisation number 
“*****P/B”) and the private use (authorisation number “*****G/B”) products available on the 
Belgian market are listed in annex 3. 
 
Neonicotinoids can be applied as leaf treatments, as seed treatments and as soil treatments. 
Treated seed acts as a delivery mechanism for some of the neonicotinoids: seed treatments 
allow acting on early season insects and diseases at the time of planting and thereafter, while 
minimizing exposure of humans, animals and environment. The plant protection product is 
applied once in the season and the low dose needed, compared to leaf treatment, is appealing 
when trying to avoid excessive use of chemicals on crops on an almost weekly basis. 
Disadvantages of seed treatment include the release of the fine dust particles during seeding, 
and the persistence and systemic transport of the neonicotinoids to the leaves (guttation) and 
blossoms of the plants later on during the season. 
 
1.3.2 Widespread use; gross production/consumption figures; trends 
 
The yearly updated environmental report of Flanders (MIRA, 2014), provides sales and use 
figures of pesticides in Flanders over time. It relates these sales and use data to the impact of 
pesticides in Flanders on aquatic life. In this work, the sales figures of the neonicotinoids show 
a rather increasing trend until 2013 (annex 4). Since 2013 the use of major neonicotinoids has 
been restricted. This restriction is reflected in the downward trend of the sales figures from 
2013 on. 
 
Sales figures differ from use figures. A product can be sold in a particular year, but is not 
necessarily used during the same period. The use figures for Flanders are based on the farm 
accountancy data network of about 700 farmers. As mentioned in section 1.3.1 neonicotinoids 
are also used for non-agricultural purposes.  
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Similar use figures are available for Wallonia. The Walloon data do not take seed treatment 
into account. Although the data are incomplete, combining the Flemish with the Walloon data 
(2010, 2011 and 2012) provides insight in the origin of the difference between sales and use 
figures. 
 
During the period 2010-2012, almost 10 times more imidacloprid and thiamethoxam was sold 
in Belgium than the amount used by the farmers. Clothianidin was sold in Belgium (ca. 7000 
kg) but was not used. Fipronil on the opposite was not sold in Belgium but was still used (ca. 
1000 kg). An interesting co-incidence was found for acetamiprid and thiacloprid, of which the 
sales and the use figures did not show major discrepancies. Although it is likely that still a 
remarkable amount of neonicotinoids was used for seed treatment in Belgian farms at that 
time, the discrepancy between the sales and use figures is too high. This confirms the 
statement of the crop protection chemistry industry that in Belgium part of neonicotinoids is 
sold for seed treatment, while the treated seeds are exported. 
 
1.3.3 Regional and sectorial distribution 
 
Tools exist predicting the distribution of pesticides in the Belgian environment. The WEISS 
model developed by the Vlaamse Instelling voor Technologisch Onderzoek (VITO) allows 
estimating the surface water contamination from contaminants including pesticides. The 
WEISS-model has been used by the BEE-Happy project funded by the Flemish Fund IWT 
(Agentschap voor Innovatie door Wetenschap en Technologie / Agency for Innovation by 
Science and Technology) (2013-2014). One of the outcomes of the project (in preparation) 
are maps showing the distribution of the use of the neonicotinoids across Flanders. 
Imidacloprid shows a quite homogeneous distribution across the region, for thiamethoxam the 
use is localized in the area where particular target crops are grown. 
 
The yearly environmental report (MIRA, 2014) of the Flemish Government calculates the 
impact of the use of pesticides. A distinction is made between the use by agriculture, 
horticulture and non-agricultural use (see some of the figures related to the neonicotinoids in 
annex 4). Within agriculture, the pesticide use over the major crops is calculated to evaluate 
the environmental impact on a crop by crop basis. This provides an indication of the use of a 
particular pesticide in a defined region. A comparable outcome with the WEISS maps is 
expected. 
 
1.3.4 Distribution over environmental compartments; effects on pollination, ecosystem 
resilience, community diversity 
 
Neonicotinoids were analysed in Flanders in surface waters (Vlaamse Milieumaatschappij, 
2015 – table 4). In 90 % of the sampling points imidacloprid was found, in 44 % of the sampling 
points thiamethoxam and in 26 % clothianidin. Imidacloprid is mostly found during August and 
October but also in May. It is detected in small and major water bodies. The highest 
concentration observed is 600 ng/L. Thiamethoxam is not frequently found but shows locally 
high values. The highest observed concentration exceeded 1400 ng/L. The concentration of 
chlothianidin in water was below 65 ng/L. Compared to the MAC (maximum allowable 
concentration) calculated based on toxdata from fish, daphnia and algae, these concentrations 
do not offer reasons for concern. All concentrations are below the eco-tox reference values. 
The ecotoxicological data used for comparison are however subject to discussion. The 
environmental agency of Flanders (Vlaamse Milieumaatschappij, 2015) selected different 
values, resulting in much lower threshold values. These guidelines involve the complete 
biodiversity of the aquatic system. They take also toxicity of these insecticides on aquatic 
insects into account, which explains the guidelines for imidacloprid are exceeded (sometimes 
by 100 %) at all positive sampling points. 
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Table 4 Neonicotinoïdes in surface water in Flanders 
 
Parameter  number of measuring 
stations with >1 
detection  
number of sampled 
measuring stations  
percentage  
Clothianidin 24  92  26 %  
Imidacloprid  83  92  90 %  
Thiamethoxam  40  92  44 %  
 
1.3.5 Consumption figures 
 
Annex 5 shows the human exposure to neonicotinoids as described by the report of the 
Federal Agency for the Safety of the Food Chain (FASFC) (in press). This study based on 
monitoring data, shows that the chronic or long term exposure of the Belgian consumer as a 
result of the consumption of fresh products is safe for the years considered. 34 pesticide 
residues were selected based on their detection frequency and representativeness. 3 
neonicotinoids, namely acetamiprid, imidacloprid and thiacloprid, are among this set of 34 
pesticides. 
 
A deterministic risk assessment concludes that the exposure of an average adult consumer to 
most residues (neonicotinoids included) is at least 100 times below the acceptable daily intake 
(ADI). No specific risk is calculated for consumers eating a lot of fruits and vegetables (97.5 
percentile exposure or P97.5). Indeed, the graphs in annex 5 show for thiacloprid a 97.5P 
exposure for all cases less than 5 % of the ADI; for acetamiprid and imidacloprid the 97.5P 
exposure is always lower than 1 % of the ADI. 
 
The study also concludes that there is no direct correlation between the sold volume of a 
pesticide, the frequency of its detection or the exposure to the pesticide residues by food 
consumption. 
 
1.4 Assessment/conclusions 
 
Neonicotinoids are used in agriculture (professional and non-professional use). They are also 
used as biocide and as veterinary drugs. None of the neonicotinoids is volatile: therefore 
exposure through inhalation is unlikely to occur (apart from pesticides bound on dust). Some 
compounds or their metabolites are persistent: they will stay in the environment for a long time 
after their application. As solubility in water is high and sorption to the soil matrix for a few 
components is low, transport through the soil matrix form the treatment zone to the non-target 
water zone should be expected. 
 
In contrast to leaf treatment, seed treatment minimizes human and environmental exposure. 
 
The amount of neonicotinoids applied in Belgium can be partially estimated based on sales 
figures or on use figures. There is uncertainty on estimating the use of neonicotinoids as seed 
treatment. The figures show an increase in the sales until 2013. After the 2013 restriction (for 
use as seed treatment and selected foliar and soil treatments) the sales figures decreased. 
The use figures based on accountancy data reflect more accurately the really applied 
quantities, compared to the Belgian sales figures which do not list import/export data of treated 
seeds. 
 
In Flemish surface water neonicotinoids are detected at levels close to the detection limits of 
the analytical equipment (10 ng/l). No similar data are available for Wallonia. No European 
norm for the neonicotinoids in surface water exists, allowing an environmental risk 
assessment. 
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Finally, according to the advisory report of the FASFC on human exposure to residues of plant 
protection products (PPP) in fruits and vegetables (FASFC, 2015) the measured values of 
neonicotinoids in fruits and vegetables are below the acceptable daily intake (ADI). Similar 
data on human exposure to biocides and to private use of PPP (gardening) in Belgium 
currently lack. 
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2. Mechanisms and environmental hazards 
 
2.1 General 
 
2.1.1 Mode of action 
 
Most insecticides are nerve poisons acting on the voltage-dependent sodium channel (e.g. 
pyrethroids), the γ-aminobutyric acid (GABA) receptor (e.g. organochlorines, fipronil), the 
cholinergic system as inhibitors of acetylcholinesterase (e.g. organophosphates or 
carbamates) or agonists at the nicotinic acetylcholine receptor (nAChR) (Casida and Quistad, 
1998). Imidacloprid is a powerful agonist of the nicotinic acetylcholine receptor, which binds 
specifically on the alpha subunits (Matsuda et al., 2001). Nicotinic acetylcholine receptors are 
ligand gated ion channels involved in the synaptic transmission of the central nervous system. 
 
A classical nAChR agonist, as nicotine, was used for centuries to control sap-sucking insects 
despite its relatively low effectiveness and its high toxicity to mammals. 
 
In contrast, the neonicotinoids, which are also nAChR agonists, are more toxic to insects and 
relatively less toxic to mammals, providing an example of selective toxicity (Yamamoto and 
Casida, 1999). Most neonicotinoids undergo metabolic alterations at multiple sites. It has been 
demonstrated that during early development stages some metabolites may show a higher 
activity on mammalian than on insect receptors (Chao and Casida, 1997) and that the toxicity 
of the analogues and metabolites of neonicotinoids in mammals may involve action at multiple 
receptor subtypes with selectivity conferred by minor structural changes (Tomizawa and 
Casida, 1999). However, since biotransformations in mammals might involve activation 
reactions, but largely detoxification mechanisms (Tomizawa and Casida, 2005) in-vivo, it is 
generally accepted that neonicotinoids are less toxic to mammals than to insects. It is unclear 
if the toxicity of imidacloprid in mammals is due to the parent compound or the de-nitro 
metabolite (which enters the brain following direct intraperitoneal administration in mice). 
 
The neonicotinoids not only show a high affinity for the receptor; important physicochemical 
properties include non-ionisability and medium to high water solubility (Table 2 and 3). 
 
The nicotinic acetylcholine receptors (nAChR) are neurotransmitter-regulated ion channel 
complexes, which are responsible for rapid synaptic transmission. They are neuron receptor 
proteins that signal muscular contraction following a chemical stimulus and form ligand-gated 
ion channels in the plasma membranes of selected neurons. In insects, the cholinergic system 
is limited to the central nervous system, and the nAChR acts as the most important target for 
neonicotinoid action. 
 
Structurally, 5 single subunits (typically 2α and 3β) structure a pentameric transmembrane 
protein with a central cation-permeable ion channel. Amino acid sequence comparisons 
showed that insect receptors have a similar structure as vertebrate receptors (Nauen et al., 
2001). 
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2.1.2 Toxicology 
 
The neonicotinoids imidacloprid, thiacloprid and acetamiprid share the toxicophore 
heterocyclic ring (the 6-chloro-3-pyridylmethyl moiety) while in thiamethoxam and its 
metabolite clothianidin, this moiety is replaced by a 2-chloro-5-thiazolyl group. For 
classification purposes, the five chloronicotinyl compounds of interest are subdivided on the 
basis of the presence of a functional group at the other side of the molecule, either the 
nitroguanidines (imidacloprid, thiamethoxam and clothianidin) or cyanoamidines (thiacloprid, 
acetamiprid). 
 
These neonicotinoids were selected because both nitroguanidine and cyanoamidine 
neonicotinoids are most active against insects. For imidacloprid analogues for example, 
nitroimine (=N–NO2) toxicophores conferred more insecticidal activity than their cyanoimine 
(=N–CN) counterparts (Nauen et al., 2001). 
 
2.2 Effects 
 
2.2.1 WIA study, EASAC review, and the Godfray et al. studies 
 
This section summarizes the environmental effects of neonicotinoids and fipronil as reported 
by three complementary studies: 
- the WIA study (2014) which provided the immediate trigger for this advice, both its 
methodology and its main results are reviewed; 
- a literature review by the EASAC (2015) of the relation between agriculture and 
ecosystem services; 
- a literature review initiative by mainly British scientists aiming at providing a 
restatement of the natural science evidence base concerning neonicotinoid 
insecticides and insect pollinators (Godfray et al, 2014; Godfray et al., 2015). 
 
The section only summarizes the results and outcomes of these studies (cf. box 2, 3 and 4). 
Details and examples are provided in the references and their annexes. The discussion of 
these data, including their importance for ecosystems and human exposure in Belgium, is 
provided later on in this advice. 
 
  
   
 
Hoge Gezondheidsraad  
www.hgr-css.be 
 
 
− 25 − 
Box. 2. WIA methodology and results 
 
I. Methodology used by WIA 
As a whole the WIA-study is based on the review of 1121 papers and reports dealing with 
neonicotinoids (with in specific parts a special focus on selected substances as imidacloprid and 
clothianidin) and fipronil. The study classifies its reviews according to 8 main areas affecting animal 
groups and ecosystems. 
 
Concerns are raised on the selection of the documents on which WIA is based. Of the 8 reports 
constituting WIA, only one (Gibbons et al, 2014) handles reference selection criteria allowing to 
classify the study as a systematic review3. The other 7 studies are vague and lack a sufficient 
methodology description, not allowing considering them as systematic and/or meta-reviews. This 
lack of information on the selection of the reviewed studies, in combination with insufficient data on 
how the included papers and reports are screened, impairs the scientific validity of the WIA-review. 
 
Of notice however is that WIA does not claim the “meta-analysis” or “systematic review” label. Rather 
it is a “comprehensive scientific assessment” or “comprehensive analysis”, a qualification for which 
the scientific criteria are less clear. 
 
During its review of the WIA assessment the SHC did not find any indication of bias or over-
interpretation. Moreover the council points to the fact that the WIA-results provide similar evidence 
as the conclusions of the (methodologically stronger) European Academics Science Advisory Council 
(EASAC, 2015) report. 
 
II. WIA results 
II.1. Systemic pesticides: trends, uses, mode of action and metabolites (Simon-Delso et al., 
2014) 
 Neonicotinoid pesticides are the most widely used class of insecticides worldwide. They 
are used in agriculture, horticulture, orchards, forestry, veterinary applications and fish 
farming. They currently account for approximately one third of the world insecticide 
market. 
                                               
3 The terminology used to describe systematic reviews and meta-analyses has evolved over times and varies 
between fields. 
 
A systematic review is a review of a clearly formulated question that uses systematic and explicit methods to 
identify, select and critically appraise relevant research, and to collect and analyze data from the studies that are 
included in the review (Cochrane handbook for reviews, glossary). 
 
The key characteristics of a systematic review are: (a) a clearly stated set of objectives with pre-defined eligibility 
criteria for studies; (b) an explicit, reproducible methodology; (c) a systematic search that attempts to identify all 
studies that would meet the eligibility criteria; (d) an assessment of the validity of the findings of the included studies, 
for example through the assessment of risk of bias; and (e) a systematic presentation and synthesis of the 
characteristics and findings of the included studies (Liberati et al., 2009). 
 
A systematic review may or may not be completed by statistical methods to quantitatively synthetize results. 
 
Meta-analysis refers to these statistical methods to summarize the results of independent studies. However, meta-
analysis is not always possible or desirable, due to clinical, methodological or statistical differences across the 
included studies. 
 
Systematic review and meta-analysis are  multiple steps procedures including study identification, study selection, 
data extraction, data analysis including evaluation of heterogeneity, statistical pooling, assessment of publication 
bias, sensitivity analyses and finally data interpretation. 
 
Advantages of systematic reviews and meta-analysis: systematic review uses explicit, systematic methods that are 
selected with a view to minimizing bias, thus providing more reliable findings from which conclusions can be drawn 
and decisions made. By combining information from all relevant studies, meta-analyses can provide more precise 
estimates of the effects of health care than those derived from the individual studies included within a review. They 
also facilitate investigations of the consistency of evidence across studies and the exploration of differences across 
studies. 
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 Fipronil (a phenyl-pyrazole compound) and neonicotinoids show similarities in their 
toxicity, physicochemical profiles and presence in the environment. 
 At their introduction during the 1970s there was no known resistance to the products 
under study; their physicochemical properties include advantages over previous 
generations of insecticides and they have assumed reduced operator and consumer 
risks. These are reasons for their application success. 
 They are taken up by the roots or leaves and translocated to all parts of the plant 
(“systemic character”) which results in exposure of herbivorous insects. 
 They are mainly found in soil and water. 
 Their toxicity persists for various periods of time. The most significant effects result from 
their persistence. E.g. imidacloprid has a half-life time in the soil of ca. 6 months. 
 Neonicotinoids mimic the action of neurotransmitters, while fipronil inhibits neuronal 
receptors. By stimulating neurons, they lead to the death of target invertebrates. 
Neonicotinoids share greater affinity towards arthropod acetylcholine (ACh) receptors 
than towards those of mammals and other vertebrates. 
 They have lethal and sub-lethal effects on non-target organisms, including insect 
predators and vertebrates. 
 Synergistic effects with other pesticides have been documented. 
 Metabolites can be toxic by their own. 
 Taken together these elements (and in particular the last 5 in the list) neonicotinoids and 
fipronil offer significant risks to the environment. The current literature shows that 
persistent, low concentrations of these pesticides pose serious risks of undesirable 
environmental impacts. 
 
II.2. Environmental fate and exposure to neonicotinoids and fipronil (Bonmatin et al., 2014) 
 Neonicotinoids and fipronil are among the most widely used pesticides in the world. They 
are used as foliar spray, seed treatments and seed drenches. 
 Environmental contamination occurs via a number of routes including dust from treated 
seeds, soil, and surface water. Overall, there is strong evidence that soils, waterways 
and plants in agricultural environments are contaminated with varying concentrations of 
neonicotinoids and fipronil. International reports have been published showing that these 
concentrations exceed eco-toxicological limits. 
 Neonicotinoids are highly toxic to invertebrates because of their systemic nature. They 
are soluble in water and have a variable although often long persistence time in the 
environment (e.g. the half-lives of neonicotinoids in soil can exceed 1000 days, which 
results in cumulative effects as a result of repeated use). (These findings complement 
the crop protection chemistry data summarized in table 3.) 
 Breakdown of the products under study results in toxic metabolites, though 
concentrations of these are rarely measured in the environment. 
 The widely spread presence of these products provides multiple routes of exposure for 
non-target animals. Studies of honey bee colonies point to a lifelong routine use and 
chronic exposure to neonicotinoids and fipronil, and their metabolites (in general in the 
experimental 1-100 ppb range). In spring the use of seat-coating insecticides for crops 
results in a risk of acute intoxication of bees and other pollinators. Often the pesticides 
under study are mixed with other pesticides, some of which are known to act 
synergistically with neonicotinoids. For most other non-target animals data on effects 
lack. 
 This environmental contamination will have impacts on the functioning of ecosystems 
and their services. The development of alternatives to the use of neonicotinoids and 
fipronil seems imperative. 
 
II.3. Effects on non-target invertebrates (Pisa et al.; 2014) 
 The effects of neonicotinoids and fipronil on terrestrial, fresh water and marine 
invertebrates are summarized from almost 400 published papers and reports. 
 Special attention is given to honeybees (Apis mellifera) as a pollinator. Also effects on 
butterflies, moths, earthworms, bumblebees, solitary bees and other invertebrates were 
considered. Most information is provided by in vitro experiments. There is a need for new 
and improved methods to define adverse effects on a variety of fauna groups. 
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 Few information is available on freshwater and marine species. 
 Effects on terrestrial species range from organismal toxicology and behavior effects, to 
population effects. Neonicotinoids exhibit a very high toxicity to a wide range of 
invertebrates, particularly insects, resulting in both lethal and sublethal impacts. 
 On most invertebrate species the effects have not been studied, resulting in major 
uncertainties. This comment applies also to other pesticides and even to man-made 
chemicals in general. 
 Current concentrations in the environment frequently exceed the lowest observed 
adverse effect concentrations. Therefore large-scale and wide ranging negative 
biological and ecosystem impacts are to be expected. It is suggested to tighten 
regulations on the use of neonicotinoids and fipronil. 
 
II.4. Effects on vertebrate wildlife (Gibbons et al., 2014) 
 The study focuses on direct (e.g. toxic) and indirect (e.g. food chain) effects of 
imidacloprid, clothianidin and fipronil in mammals, birds, fish, amphibians and reptiles. 
The results are based on a review of 150 studies. 
 Imidacloprid and fipronil were found causing lethal effects in many birds and most fish. 
 At sub-lethal doses, all three substances exert genotoxic and cytotoxic effects; they 
impair the immune system, cause reduced growth and affect reproduction. These effects 
occur at concentrations in orders of magnitude below those causing lethality. 
 Also seed treatment of crops poses health risks to granivorous small birds, in particular 
to sensitive species.  
 The concentration of fipronil in surface water may be sufficiently high to harm fish. 
 There is a paucity of data on indirect effects. Case studies point to impaired growth in 
fish and population decline in lizards. 
 On mechanisms the study refers to the systemic nature of the studied substances. 
 The study points to the need of considering in an integrated way the direct and indirect 
effects on vertebrate wildlife (see also box 5 on effects of neonicotinoids on birds). 
 
II.5. Ecosystem functioning and services risks (Chagnon et al., 2014; Daily and Korps, 2015) 
 Ecosystem services are about valuing the service potentials, benefits and use values 
that well-functioning ecosystems provide to humans and the biosphere. 
 Neonicotinoids and fipronil are found in all environmental compartments, but mainly in 
soil and water. These environmental media provide essential resources to support 
biodiversity, but are threatened by the presence of the substances under study. 
 Specific ecosystem services impacts have focused on the negative impacts on 
pollination of food crops. The foods animals pollinate are fruits, vegetables, nuts, and 
seeds of which dietary deficiency confers risk of non-communicable diseases, including 
cardio-vascular disease, diabetes and lung cancer. Altogether, 35% of the global food 
volume derives from animal pollinated crops. 
 Ecosystem services provided by target and non-target organisms are wider than 
pollination. They also include the regulation of soil and water quality, pest control, 
ecosystem resilience and community diversity. In particular microbes, invertebrates and 
fish are essential in maintaining healthy ecosystems. 
 Systemic pesticides have negative impacts on decomposition, nutrient cycling, soil 
respiration and invertebrate populations, all sustaining healthy communities and integer 
ecosystems. 
 Threatening pollination and other ecosystem services has economic impacts and raises 
cultural concerns which are currently difficult to quantify. 
 Also these data advocate improved sustainable agricultural practices, including a 
restricted use of systemic pesticides. 
 
II.6. Conclusions of the WIA study (van der Sluys et al., 2014) 
 The increasing global reliance on the use of persistent and potent neurotoxic systemic 
insecticides as neonicotinoids and fipronil raises concerns on their impact on 
biodiversity, ecosystem functioning and services. 
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 Their present use combined with their properties has resulted in widespread 
contamination of agro-ecosystems, soils, freshwater, wetlands and non-target 
vegetation in estuarine and coastal ecosystems. 
 Examples have been described showing how the use of neonicotinoids results in 
unnecessary contamination of the environment, thereby increasing risks to non-target 
organisms and to pesticide resistance development. 
 More evolved approaches to good agricultural (and related) practices as integrated pest 
management should consider all relevant and available information to make informed 
management decisions. 
 As these data are recent and have been insufficiently taken into account during the 
market authorization of these products. The regulatory framework failed to assess the 
individual and joint ecological risks resulting from their use in combination with other 
pesticides and environmental stressors. 
 Ecological risk assessment thus far did not consider the various documented inter-
actions (additivity, synergism) with other environmental stressors. 
 The current authorisation process impairs re-assessment, delivers no limits on total 
amounts of pesticides applied and does not include mechanisms reducing the total use 
of the authorized products. 
 
The controversy over the effects of neonicotinoids on honey bees prompted also the EASAC 
(2015) to a literature review of the relation between agriculture and ecosystem services and 
what is known about their economic value in the EU Member States. 
The report shows a number of parallels with the worldwide WIA study including its general 
logic, its focus on honey bees and other pollinators, its scope on agriculture, both target and 
non-target organisms, and ecosystem services. In contrast to the WIA study, EASAC explicitly 
analyses the relevance of the merely recent (since 2011) scientific data for the EU policy. 
 
Box 3. EASAC-review (EASAC, 2015) 
 
The EASAC experts concluded: 
1. There is an increasing body of evidence that the widespread prophylactic use of neonicotinoids 
has severe negative effects on non-target organisms that provide ecosystem services including 
pollination and natural pest control. 
2. There is clear scientific evidence for sub-lethal effects of very low levels of neonicotinoids over 
extended periods on non-target beneficial organisms. These should be addressed in EU approval 
procedures. 
3. Current practice of prophylactic usage of neonicotinoids is inconsistent with the basic principles 
of integrated pest management as expressed in the EU’s Sustainable Pesticides Directive. 
4. Widespread use of neonicotinoids (as well as other pesticides) constrains the potential for 
restoring biodiversity in farmland under the EU’s Agri-environment Regulation. 
 
The Godfray et al. studies are based on a literature review of recently published papers. 
Conclusions are summarized in box 4. Papers were assessed on four aspects: 
- experimental studies and field data; 
- expert opinions; 
- supporting evidence; 
- projections. 
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Box 4. Review by Godfray et al. (2014, 2015) 
 
The participating experts concluded: 
- On exposure of pollinators: There are several proven pathways through which pollinators may be 
exposed to neonicotinoid insecticides applied as seed treatments (or in other ways). Some 
quantitative information on these exposure routes is available. Most exposure will be at sub-lethal 
levels from foraging on seed treated plants, the most important exception being contamination 
from dust at the time of planting. Better quantitative data on typical concentrations (in different 
environmental components) is desirable. 
- On laboratory studies and sub-lethal effects: Sub-lethal neonicotinoid exposure can affect many 
aspects of pollinator behavior and physiology. Sub-lethal effects at field-realistic doses are now 
established, but their consequences for pollinator populations and pollution are still unclear. 
- On neonicotinoid residues in pollen, nectar and wax on the field: (Low levels of) neonicotinoids 
can be detected in wild pollinators as well as in honeybee and bumblebee colonies. Data are few 
and restricted to a limited number of species. 
- On field experiments: Evidence accumulates that sub-lethal exposure to neonicotinoid 
insecticides, chiefly but not exclusively at the higher end of what is likely to be experienced in the 
environment, can affect foraging and other behaviors in the field. 
- On (policy) consequences: There still remain major gaps in our understanding of how pollinator 
colony-level and population processes may dampen or amplify the lethal or sub-lethal effects of 
neonicotinoid exposure and their effects on pollinator services. There is still a limited evidence 
base to guide policy makers on how pollinator populations will be affected by neonicotinoid use. 
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2.2.2 Non-target species – Vertebrates 
 
There are increasing indications that imidacloprid is more toxic than previously thought and 
that it also has a stronger effect on mammalian nAChRs. Genotoxic effects have been shown 
in rats (Karabay & Oguz, 2005; Demsia et al., 2007). 
 
Studies involving various animal species such as White leghorn cocks (Siddiqui et al., 2007), 
mice (Badgujar et al., 2013) and calves (Kaur, 2006) have reported liver damage and 
immunotoxicity (Badgujar et al., 2013). Reports on eggshell thinning, reduced egg-laying and 
altered incubation periods suggest that imidacloprid disrupts the endocrine balance (Matsuda 
et al., 2001; Berny et al., 2006). 
 
At 10 µM, imidacloprid acts as an agonist of nAChRs in rat pheochromocytoma (PC12) cells 
(Nagata et al., 1998). It alters the membrane properties of stellate cells in the nucleus 
cochlearis ventralis in mice exposed for even less than one minute to a concentration of 10 
µM (Bal et al., 2010). In humans, imidacloprid is believed to bind to the α4β4 nAChR subtype 
in particular (Li et al., 2011; Tomizawa & Casida, 2000). Another study reported that, in rats, 
imidacloprid has the same excitatory effects as nicotine on nAChRs in the cerebellar neurons 
at concentrations over 1 µM (Kimura-Kuroda et al., 2012, see evaluation below). In addition, 
imidacloprid builds up in the brains of mice following intraperitoneal administration (Lee Chao 
& Casida, 1997). Administering a single dose of 337 mg/kg/day (74 % of the median lethal 
dose (LD50)) on day nine of gestation results in sensorimotor deficits, an increase in cerebral 
acetylcholinesterase (AChE) activity and an increase in glial fibrillary acidic protein (GFAP) 
immunostaining in the motor cortex and in the dentate gyrus on day 30 after birth (Abou-Donia 
et al., 2008). Studies in rats show conflicting reports concerning the No Observed Adverse 
Effect Level (NOAEL) for the sub-acute to sub-chronic administration of imidacloprid. An initial 
study observed that the oral administration of imidacloprid at the lowest concentration (45 
mg/kg/day) for 28 days resulted in a lower spontaneous locomotor activity (SLA), pain 
threshold, AChE, creatinine kinase (CK), alkaline phosphatase (AKP), lactate dehydrogenase 
(LDH) and antioxidant enzymes, whilst the lipid peroxidation (LPO) was on the rise (Lonare et 
al., 2014). Also pathological alterations in the brain were described. A series of experiments 
which involved administering imidacloprid orally to female rats for 90 days found that a dose 
of 20 mg/kg/day resulted in a lower weight gain, hepato- and nephrotoxicity, increased 
oxidative stress, hormonal changes, and anatomopathological alterations in the ovaries, as 
well as a reduced AChE-activity and a lower SLA with pathological alterations in the brain. 
These effects were not found in these studies at a dose of 10 mg/kg/day (Kapoor et al., 2011; 
Kapoor et al., 2010; Bhardwaj et al., 2010). In another study, in which imidacloprid was 
administered orally for 60 days, there were strong indications of liver toxicity at 20 mg/kg/day, 
but also indications of liver toxicity at 10 mg/kg/day (Vohra et al., 2014). Yet another study, in 
which Wistar rats were exposed between day 6 of gestation and day 42 after birth, found that 
age-related, dose-dependent developmental immunotoxic effects of imidacloprid occurred 
down to the lowest dose tested, viz. 10 mg/ kg/day (oral intake first by the mother and then by 
the animal itself)  (Gawade et al., 2013). A subsequent study discovered that the reproductive 
system in rats was affected following the oral administration of a dose of just 0.5 mg/kg/day 
for 90 days (Bal et al., 2012a; Bal et al., 2012b). In a final study, imidacloprid induced 
immunotoxic effects after an oral intake of just 0.21 mg/ kg/day for 28 days (Mohany et al., 
2012). 
 
In conclusion there are increasing indications that imidacloprid can cause neurological 
damage to mammals at concentrations that are much lower than previously thought. However, 
there is a great deal of uncertainty as regards the NOAEL for sub-chronic to chronic 
administrations. 
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Box. 5. Effects of neonicotinoids on birds 
 
 
Not only bees; also vertebrates are target species. 
 
The widespread occurence of pesticides in our ecosystems raises concerns about the exposure of the 
systems and the organisms. It also impairs finding control areas for studying the effect of neonicotinoids. 
 
Just like the WIA report, the EASAC report is a hazard assessment, with elements for evidence 
concerning sublethal effects and effects on biodiversity. Studies on the effects of neonicotinoid use in 
seed coatings on farmland birds on the one hand and the effects of their presence in surface water on 
insect populations and insectivorous birds on the other hand, provide illustrations. 
 
Since several decades industry and authorities provide farmers with recommended application rate 
guidelines. Regulations are made in a way that those chemicals are supposed to be harmless for human 
and animal health and not to generate unacceptable risks for the environment. But one might ask the 
critical question if those recommendations are that safe for the biosphere. 
 
A study (Lopez et al., 2015) in Environmental Research reports on the effects of exposure of farmland 
birds to the neonicotinoid imidacloprid on mortality, breeding investment and offspring immunity. 
Indeed, farmland birds may be exposed to toxic amounts of insecticides by ingestion of treated seeds. 
In an experimental setting, the researchers exposed adult partridges to two doses of imidacloprid: the 
recommended application rate for cereal seed coating and 20% of this rate, through imidacloprid treated 
wheat seeds. The mortality in the recommended application rate group of adult partridges was 100%, 
occurring faster in female birds than in males. This gender effect needs further research given its 
importance for species demography. The analyses of the liver revealed an accumulation of imidacloprid 
during exposure time.  This may be very useful for field studies and risk assessment as levels of 
imidacloprid in the liver could correlate with their exposure. Although the group exposed to 20% of the 
recommended application rate showed no significant change in mortality rates, sub-lethal effects were 
seen among others on the level of immunosuppression (depressed T-cell immune response in chicks). 
This study shows that one has to realize and be aware of the fact that application rates stipulated by 
regulations are not always safe and can harm animal health. 
 
The use of neonicotinoids in general, and imidacloprid in particular, is not only detrimental for insects, 
but also for birds. Indeed, invertebrates constitute an important part of the diet of many bird species 
during the breeding season and are indispensable for raising offspring. Hallmann et al. (2014) was the 
first establishing a strong correlation between the presence of imidacloprid in the environment and the 
decline in sparrow populations in the Netherlands. During the period 2003-2010, populations reduced 
on average by 3.5 % each year from an imidacloprid concentration of surface-water exceeding 20 
nanograms per litre, even after correcting for spatial differences in land-use changes. Additional 
analyses revealed that this spatial pattern of decline appeared only after the introduction of imidacloprid 
in the Netherlands from 1990 on. The study of Hallmann et al. suggests that the observed declines in 
insectivorous birds could be associated with high neonicotinoid concentrations in the surface water. 
 
Moreover, the pesticides issue is economically relevant in many ways: the pesticides industry is a billion 
business on the one hand, but on the other hand a steep decline in honey bee and other pollinators 
populations, together with a loss in biodiversity and related human health impacts, generates 
considerable negative economic effects. 
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3. Dose-effect relationships 
 
Dose-effect relationships provide essential data allowing to quantify the public health impact 
of a particular exposure and are a basis for establishing guidelines. 
 
On fipronil and neonicotinoids specific dose-effect data are limited and insufficiently 
conclusive. While there is increasing evidence for unintended ecosystem impacts caused by 
regular concentrations, studies on dose related effects are scarce to inexistent. Also the WIA-
assessment, nor the related studies, provide specific information on this topic. Only the 
Godfrey et al. (2015 a,b) studies make a distinction between lethal and non-lethal effects, a 
first step up towards a dose-effect analysis. In view however of the complex (health and 
environment, direct and indirect, long- and short-term) effects which have been identified the 
issue raises different questions, including: 
- What are the effects of exposure at low doses? 
- Can a threshold value be proposed? 
- What is the shape of the dose-effect curve at low doses exposure? 
 
This advice identifies these major gaps in the current knowledge and advocates more research 
on the subject. 
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4. Human health effects 
 
4.1 Introduction 
 
Published data on human health effects of neonicotinoids, a relatively new class of pesticides 
(Roberts et al., 2012) are scarce. Using neonicotinoids as keyword, this review identified only 
about 40 publications indexed starting in 2000. Three different conditions have been studied: 
general population, chronic exposure related to occupational use and acute exposure either 
accidentally or as a result of suicide attempt. Thus both exposure and effects will be discussed 
based on those 3 conditions. 
 
4.2 Metabolism 
 
In vitro studies using the human gastro-intestinal cell line Caco-2 showed that imidacloprid is 
absorbed (Brunet et al., 2004). Imidacloprid is metabolised along two pathways mediated by 
the liver enzyme cytochrome P450 (Schulz-Jander and Casida, 2002): 
- by hydroxylation and saturation, this results in the production of hydroxyimidacloprid 
and an alkene; 
- and through the reduction and cutting of a nitroimine reduction resulting in nitrosoimine, 
guanidine and ureum derivatives. 
It is likely that these metabolites are more toxic than imidacloprid by its own (El-Gendy et al., 
2010). 
 
4.3 Exposure 
 
Human exposure to pesticides is primarily determined by the amounts introduced in 
environment. Belgian figures on sales and consumption of neonicotinoids and fipronil are 
included in section 1 of this advice. This section discusses the internal exposure and its 
effects. 
 
4.3.1 Biomonitoring 
 
Kavvalakis et al. (2013) compared hair concentrations in rabbit (control vs exposed to 
imidacloprid) and in people living in rural areas. After 6 months of exposure the rabbits’ hair 
concentrations increased by a factor 60-90x reaching around 40-60 ng/mg. Median hair 
imidacloprid concentrations in rural residents was 0.03 ng/mg. It was 0.6-1.6 ng/mg in control 
rabbits. McMahen et al. (2015) found no fipronil in urine of unexposed humans, but fipronil 
sulfone was detected in serum of 25% of subjects in concentrations ranging 0.1-4 ng/ml. 
These preliminary data indicate that evidence of exposure can be found in presumably non-
exposed subjects. 
 
4.3.2 Occupational 
 
Among 52 occupationally exposed Japanese adults, over 90 % of the individuals showed 
urinary levels above the limit of detection for imidacloprid, thiamethoxam, clothianidin and 
dinotefuran, over 50 % for acetamiprid and thiacloprid and 29 % for nitenpyram. The median 
concentration was the lowest for acetamiprid (0.02 ng/ml), while it was 1.9 and 2.3 ng/ml for 
imidacloprid and dinotefuran respectively (Ueyama et al., 2014). 
 
Exposure to pesticides, including imidacloprid and its metabolite 6-CNA, was analysed in a 
group of 135 professional turf applicators in six cities across the United States over three 
spraying seasons using urinary biomarkers via the collection of 1028 urine samples (Harris et 
al., 2010).  
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Twenty-four-hour estimates were calculated and mixed models were applied to describe the 
variance with respect to city, season, individual, and day of sampling. Imidacloprid showed 
concentrations that exceeded the detection level in 60 of the 513 24-h samples and 6-CNA in 
only 5 of the 24-h samples. For imidacloprid, the between-sample variation accounted for the 
largest percentage of overall variability (approximately 65 %). The large variability between 
days in the same season observed for imidacloprid suggests the need to take multiple 
individual samples within a season. 
 
In 159 workers from a factory manufacturing fipronil, Herin et al. (2011) found serum levels of 
fipronil and its sulfone directly related to the duration of exposure and negatively related to 
TSH (thyroid-stimulating hormone) suggesting possible central inhibition of TRH (thyrotropin 
releasing hormone)-TSH, as opposed to increased TSH levels reported in rodents. 
 
4.3.3 Accidental/ Intentional 
 
Taira et al. (2013) evaluated 57 known urinary metabolites of three neonicotinoid pesticides 
(acetamiprid, imidacloprid, and clothianidin), as well as the parent compounds. Seven 
metabolites were detected in the urine of 3 subjects suspected of exposure to sub-acute 
concentrations. Acetamiprid could not be detected in 2 cases and 0.06 ng/ml was measured 
in the third case. N-desmethyl-acetamiprid was determined in the urine of one case, which 
had been collected on the first visit, at a concentration of 3.2 ng/ml. This study indicates that 
low or undetectable levels of the original compound in body fluids do not exclude exposure 
that could be reflected by presence of metabolites. 
 
Mohamed et al. (2009) investigated 68 patients (61 self-ingestions and 7 dermal exposures) 
exposed to imidacloprid. Median imidacloprid concentration at admission was 10.58 ng/L 
(range: 0.02-51.25 ng/L). Of the self-poisoning patients, the amount ingested was median 15 
mL (IQR 10-50 mL) and the median time to presentation was 4 hours (IQR 2.3-6.0). Most 
patients only developed mild gastrointestinal symptoms and headache. One patient developed 
respiratory failure while another was admitted to intensive care due to prolonged sedation. 
Other studies have confirmed toxic effects after ingestion of 50 mL Imidacloprid (Panigrahi et 
al., 2009; Viradiya & Mishra, 2011). 
 
Forrester (2014) reported neonicotinoid exposures of 6 Texas poison centers during 2000–
2012. 77 % of the 1,142 total exposures contained imidacloprid (77 %). 97 % of the exposures 
were unintentional, and 97 % occurred at the patient’s own residence. The most common 
routes of exposure were ingestion (51 %), dermal (44 %) and ocular (11 %). The most 
commonly reported adverse clinical effects included ocular irritation (6 %), dermal irritation (5 
%), nausea (3 %), vomiting (2 %), oral irritation (2 %), erythema (2 %) and red eye (2 %). 
 
Besides these studies several cases of lethal poisoning following ingestion of imidacloprid are 
reported in literature (David et al., 2007; Yeh et al., 2010); insecticide containing 9.7 % 
imidacloprid  (Wu et al., 2001); imidacloprid ingestion leading to blood concentrations post-
mortem between 12.5 and 2.05 microg/mL.(Proença et al., 2005); 350 mL imidacloprid 
(Shadnia & Moghaddam, 2008). These reports point to the sensitivity of the nervous system 
for imidacloprid. 
 
  
   
 
Hoge Gezondheidsraad  
www.hgr-css.be 
 
 
− 35 − 
4.4 Direct and offspring human effects in vivo 
 
The only data on effects of neonicotinoids or fipronil in humans in vivo have been obtained 
following accidental or suicidal exposure to high levels. 
 
 
4.4.1 Occupational/ accidental 
 
Lee et al. (2010) reported data from the Sentinel Event Notification System for Occupational 
Risks (SENSOR)-Pesticides Program and the California Department of Pesticide Regulation 
in USA. During a 7-year period, a total of 103 cases of illnesses associated with fipronil 
exposure were identified in 11 states; ¾ of them resulting from the private use of products and 
¼ from work-related use. Neurological complaints (50 %) such as headache, dizziness, and 
paresthesia, were most frequently mentioned followed by ocular, gastrointestinal and 
respiratory symptoms or signs. The effects were mild and temporary in 89 % of the cases. 
 
In a comparison between Greek pesticide sprayers vs. non-occupationally exposed rural 
residents, a by-product of oxidative deoxyribonucleic acid (DNA) damage from blood cells was 
found to increase in relation to the area and frequency of pesticide application. The DNA 
damage was more important after using neonicotinoids than other pesticides (Koureas et al., 
2014). A Spanish study in pesticide sprayers showed respiratory effects of both short and long 
term exposure to neonicotinoids associated with reduced pulmonary volumes suggesting 
restrictive lung disease (Hernandez et al., 2008). In Poland, a 50-year-old male was 
hospitalised after 5h of spraying his field with a solution of fipronil (Chodorowski and Anand, 
2004). The patient complained of headache, nausea, vertigo and weakness. All symptoms 
resolved spontaneously after about 5 hours. The patient was fully conscious with the blood 
pressure and heart rate within a normal range. There were no seizures, other neurological 
deficits, signs of conjunctivitis or skin irritation. Fung et al. (2003) reported a case of accidental 
ingestion of a commercial household product containing fipronil by a 77-year-old woman who 
did not develop obvious toxicity signs (mild subjective impairment of sensory effects 
disappearing spontaneously after half an hour). 
 
Of the 1,142 total neonicotinoid exposures reported to the six Texas poison centres during 
2000-2012, 97 % were unintentional and occurred at the patient’s own residence (Forrester, 
2014). Most products contained imidacloprid (77 %) or dinotefuran (17 %). The exposures 
were seasonal and half of them were reported during the May-August period. The most 
common routes were by ingestion (51 %) and dermal (44 %) exposure. Exposure occured 
more frequently in patients of 20 years or older (61 %) as well as in children younger than 5 
years of age (28 %). As compared to two other groups of insecticides (carbamate/chlorinated 
hydrocarbon/organophosphate and pyrethroid/pyrethrin), the serious medical outcomes were 
significantly lower for neonicotinoids. Although a few clinical effects might be expected, the 
majority of neonicotinoid exposures may be managed outside health care facilities with few 
clinical effects expected. Neonicotinoid insecticides result in less serious outcomes than other 
major types of insecticides. This has also been observed in a study in the United Kingdom that 
examined 105 unintentional neonicotinoid exposures reported to poison centres (Adams et 
al., 2013). However, Agha et al. (2012) consider that fatality and morbidity due to imidacloprid 
might be underestimated. They report the case of a 62-year-old farmer who sprayed 
insecticide that contains 30 % imidacloprid on his trees for 30 min almost one week prior to 
showing up at the emergency department without wearing any mask or gloves. He had a 
history of fever, disorientation, red-coloured urine, lower abdominal pain and vomiting during 
four days prior to admission. This is likely the first reported case of leukoclastic vasculitis due 
to imidacloprid skin contact and inhalation exposure. 
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4.4.2 Intentional 
 
A retrospective review of 70 cases of imidacloprid poisoning in Taiwan (Phua et al., 2009) 
showed a cholinergic syndrome that resulted in major effects including coma, and aspiration 
pneumonia in 8 patients, while two more died. The authors concluded that neonicotinoid 
insecticides could be safer than older classes of insecticides because they resulted in severe 
effects less frequently. This finding could be explained by high selectivity of neonicotinoid 
insecticides for insect nAChRs and high water solubility, which reduces their ability to 
penetrate the mammalian blood–brain barrier and causing less toxic effects to the central 
nervous system (CNS). A review of the literature including a study by Mohamed et al. (2009), 
emphasized that the severity of poisoning was neither proportional to the plasma neonicotinoid 
concentrations nor related to oral, dermal or inhalation routes of exposure (Lin et al., 2013). 
 
Acute human self-poisoning with fipronil was reported for seven patients in Sri Lanka 
(Mohamed et al., 2004). Among these, only two showed significant CNS toxicity accompanied 
by sweating, nausea, vomiting and agitation. Within 12h following the ingestion, all patients 
were essentially asymptomatic. They were discharged from the hospital within four days after 
admission. Pharmacokinetic data are available for six patients: the highest concentrations are 
observed at admission to the hospital; fipronil disappears rapidly from the blood during the 
first 15-20h; thereafter the fipronil concentration plateaued as a result of its slow elimination 
and metabolism of sulfone. Therefore the management of these patients should focus on 
supportive care and early treatment of the symptoms. 
 
4.4.3 Offspring effects 
 
Some individuals are more sensitive to the effects of pesticides/biocides than others. 
Sensitivity is related to their developmental stage of life, physiology and/or health status. Most 
at risk are fertile women intending to become pregnant, pregnant women, breast feeding 
mothers and children from infancy through to adolescence. If exposure to toxicants occurs at 
critical developmental periods, adverse effects may result. The foetus is particularly vulnerable 
due to its fast growth, the process of cellular differentiation, the immaturity of its metabolic 
pathways and the stage of development of vital organs. 
 
Very few data have been published on neonicotinoids exposure and offspring effects. Among 
the offspring of residents in an agricultural area of California (San Joaquin Valley) where 
pesticides are used, a statistical significant increased risk of congenital heart disease 
(Tetralogy of Fallot) was observed after exposure to imidacloprid [adjusted odds ratio 
(aOR)=2.4; 95% confidence interval (CI): 1.1-5.4; exposed cases, n=9] (Carmichael et al., 
2014). The same authors reported a general lack of association between residential pesticide 
exposure estimates (based on residential proximity to agricultural pesticide application during 
early pregnancy) and risk of neural tube defects and orofacial clefts among the offspring in the 
San Joaquin Valley (neonicotinoid and risk of anencephaly: aOR=2.5, 95%CI: 0.9-7.1; n=6. 
Neonicotinoid and cleft lip with or without cleft palate: aOR=1.4, 95%CI: 0.7-2.7; n=17) (Yang 
et al., 2014). However, there were relatively few elevated odds ratios with 95% confidence 
intervals that excluded 1 after adjustment for relevant covariates. Thus, because of the sizable 
number of the comparisons the association may have emerged by chance. 
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4.5 Indirect human health effects 
 
Present day human activities may lead to ecosystem deterioration, biodiversity loss and a loss 
of ecosystem services. This will affect human health in any case in the long run, be it that the 
impact may vary greatly across the globe (Millennium Ecosystem Assessment, 2005; 
Romanelli et al., 2015; Whitmee et al 2015). Given the global and abundant use of 
neonicotinoids and the indications of effects outside the primary targets, i.e. other species 
apart from pests, these substances may be expected to contribute to ecosystem deterioration 
as well. Consequently effects on human health and well-being following indirect pathways and 
becoming manifest after years should be a point of attention and of further study. 
 
As a large part of our food supply depends on pollination by bees and other insects, food 
production and quality may be affected as well by pollinator decline, in which neonicotinoid 
use, apart from other stressors, may be instrumental. Studies on global food impact give rise 
to concern (Klein et al., 2007; Eilers et al., 2011; Ellis et al., 2015; Nicole, 2015; Smith et al, 
2015). Vitamin A may be a nutritional component particularly affected (Ellis et al.,2015). 
 
4.6 Mechanisms of action 
 
4.6.1 Direct effects in vitro 
 
Hodgson and Rose (2007, 2008) reviewed studies of pesticide effects on human liver 
microsomes. Among a number of pesticides, fipronil is the most potent inducer of cytochrome 
P450 isoforms possibly resulting in disturbances of liver metabolism of several compounds 
including sex steroids. Fipronil inhibits the testosterone metabolism. Effects occur at low 
concentrations of endogenous substrates. Increased fipronil concentrations cause 
hepatotoxicity. In a human neuroblastoma cell line, fipronil activates apoptotic processes. In 
isolated mitochondria, fipronil uncouples oxidative phosphorylation (Vidau et al., 2011). Using 
human hepatocytes and rodent adipocytes or myotubes, it was shown that 10-20 μM of 
imidacloprid reduces insulin-induced glucose uptake through altering the intracellular 
signalling of kinase (Kim et al., 2013). Thiacloprid decreases the mitotic index, the proliferation 
index and the nuclear division index; it increases chromosome aberrations in cultured human 
peripheral blood lymphocytes (Kocaman et al., 2014). All together, these in vitro data refer to 
possible mechanisms underlying the fipronil and neonicotonoid toxicity and endocrine 
disruption in different tissues. 
 
4.6.2 Genotoxicity 
 
The genotoxic potential of imidacloprid, acetamiprid and thiacloprid was merely studied on 
human peripheral blood lymphocytes. Different genotoxic effects have been investigated: DNA 
damage has been demonstrated using the comet assay and sister chromatide exchange tests, 
whereas chromosome mutations have been demonstrated by micronucleus and chromosome 
aberration tests (Costa et al., 2009; Demsia et al., 2007; Feng et al., 2005; Karabay and Oguz, 
2005; Kocaman and Topaktas; 2007; Kocaman et al., 2014; Stivaktakis et al., 2010). 
 
Five studies on imidacloprid are not easily comparable due to the different concentrations, 
exposure periods, and genotoxic endpoints recorded in each of them (Costa et al., 2009; 
Demsia et al., 2007; Feng et al., 2005; Karabay and Oguz, 2005; Stivaktakis et al., 2010). 
 
Costa et al. (2009) reported that imidacloprid at concentrations below 20 µM is not genotoxic 
(comet assay) to human lymphocytes in vitro (even following metabolic activation). A 
significant increase in the micronuclei incidence is observed at 20 µM and is increased slightly 
by metabolic activation.  
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The commercial preparation was observed to be slightly more genotoxic than the pure 
substance. These results are in line with the observations of Feng et al. (2005) showing 
significant effects at doses ranging between 0.4 µM and 2 µM. Contrarily, Demsia et al. (2007) 
did not observe any effect. However, they used both micronucleus and sister chromatid 
exchange tests, and suggest that the controversial results with those of Feng may be 
explained by the difference in control value between both studies. More recently, Stivaktakis 
et al. (2010) did not note any effect of imidacloprid at 20 µM. The authors conclude a safety 
level for imidacloprid exists for human exposure. Karabay and Oguz (2005) observed a 
synergistic effect of the organophosphate methamidophos and imidacloprid in the formulated 
products. This causes an increase in the risk for non-target organisms. Their observations are 
based on a bone marrow chromosome aberration assay, a micronucleus test in Wistar albino 
rats (50 and 100 mg/kg imidacloprid, 2.5 and 5 mg/kg methamidophos and 2.5 and 5 mg/kg 
imidacloprid plus methamidophos) and a bacterial mutation assay (Salmonella/microsome 
mutagenicity assay). Dose-related increases in the micronucleus incidence (P < 0.05) and 
with the two Salmonella strains (TA98 and TA100) were found. All tested doses of the 
insecticides showed mutagenic activity in the presence of a metabolising extract (S9 mix). 
 
Calderón-Segura et al. (2012) studied genotoxicity of commercial neonicotinoide insecticides 
in human peripheral blood lymphocytes using the comet assay, and found that exposure to 
9.5 × 10-6 to 5.7 × 10-5 M of the commercial insecticide Jade (imidacloprid); 2.8 × 10-4 to 1.7 × 
10-3 M Gaucho (imidacloprid); 0.6 × 10-1 to 1.4 × 10-1 M Calypso (thiacloprid); 1.2 × 10-1 to 9.5 
× 10-1 M Poncho (clothianidin) for 2 h induced a significant increase of DNA damage with a 
concentration-dependent relationship. 
 
Although the studies are not univocal, there is substantial evidence indicating that imidacloprid 
has genotoxic properties. However, the range of concentrations tested is rather large and a 
discussion about the pertinence of the dose used in the different assays lacks. 
 
Kocaman et al. (2007, 2014) studied the genotoxic properties of acetamiprid and thiacloprid  
with a similar protocol including sister chromatid exchanges, chromosomal aberrations and 
micronucleus tests. Acetamiprid was tested in a narrow range from c.a. 112 to c.a. 180 µM 
and thiacloprid from c.a. 300 to 1200 µM. Sister chromatid exchange and chromosome 
aberration tests reveal significant differences with the controls at all concentrations for both 
compounds. Micronuclei significantly increased at all acetamiprid concentrations but the 
lowest one (25 µg/mL), while micronuclei formation is systematically increased with thiacloprid 
in the presence of an exogeneous metabolic activation system. 
 
Acetamiprid and thiacloprid were shown having genotoxic properties in vitro in the above 
mentioned publications of the open scientific literature. As mentioned before, imidacloprid 
does not show a dose dependent cytogenetic effect. 
 
Complete toxicity packages were submitted at the occasion of the EU-review of all 
neonicotinoids (imidacloprid, thiamethoxam, clothianidin, thiacloprid and acetamiprid) and 
fipronil. Particularly their genotoxicity has been fully investigated, including the in vivo assays. 
For all neonicotinoids, it has been concluded that, whereas positive results may occasionally 
have been observed in vitro, none exhibited genotoxic effects in vivo. As a matter of fact, a 
positive finding in vivo would have precluded any approval of neonicotinoids and fipronil both 
under Directive 91/414/EEC and Regulation (EC) No 1107/2009, as any genotoxic finding 
without threshold would have precluded the establishment of Human Health reference doses  
and consequently any risk evaluation. The Council notes however that in vivo effects are 
reported in several scientific papers. Bagri et al. (2015) observed sperm head abnormalities 
in Swiss albino mice at 22, 11 and 5.5 mg/kg/day of imidacloprid for 14 or 28 days. Bagri et 
al. (2016) observed, for imidacloprid, a dose and time dependant increase in micronuclei and 
chromosomal aberrations in bone marrow of Swiss albino male mice at doses of 5.5, 11 and 
22 mg/kg body weight for 7, 14 and 28 days.  
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Bhinder et al. (2012) found imidacloprid and thiamethoxam to induce mutations in Anopheles 
stephensi. Zang et al (1999) found imidacloprid to be genotoxic in the earthworm. Lin et al. 
(2005) found imidacloprid to enhance genotoxicity of cadmium in Vicia faba plants. 
Imidacloprid induced chromosomal alterations and increased the frequency of micronuclei in 
Allium cepa and Tradescantia pallida (Rodríguez et al., 2015). Sekeroglu et al. (2013) found 
thiacloprid to induce an increase in chromosome aberrations in rat bone marrow cells at 22.5 
mg/kg/day for 30 days, and after a single dose of 112.5 mg/kg; the 30 day treatment also 
caused a significant increase in micronucleus formation. 
 
The data in table 5 provide an overview of the genotoxic experiments and are summarised 
from the EU-Peer-Reviews of imidacloprid, acetamiprid and thiacloprid: 
 
Table 5. Results from the EU peer-reviewed genotoxicity data (extracted from the EU-draft 
assessment reports, 2004 and 2008) 
 
Imidacloprid 
Test system Indicator cells Results 
Ames bacterial reverse 
mutation assay 
(4 studies) 
Salmonella typhimurium TA98, TA100, 
TA1535, TA1537 and Escherichia coli 
WP2uvrA 
Negative 
Recombination assay B. subtilis Negative 
In vitro mammalian cell gene 
mutation assay 
Chinese hamster ovary cells/HPRT locus Negative 
Mitotic recombination  S. cerevisiae Negative 
In vitro unscheduled DNA Rat liver cells Negative 
Sister chromatid exchange  Chinese hamster ovary cells Positive with and 
without S9 
Sister chromatid exchange  Chinese hamster ovary cells Negative 
In vitro chromosome aberration 
assay 
Human lymphocytes Positive with and 
without S9 
In vivo chromosome aberration 
study 
Chinese hamster bone marrow Negative 
In vivo micronucleus assay Bone marrow polychromatic erythrocytes of 
NMRI mice 
Negative 
Sister chromatid exchange Chinese hamster bone marrow Negative 
In vivo chromosome aberration 
study 
Germ-cells of NMRI mice (spermatogonia) Negative 
EU-evaluation Imidacloprid (EFSA conclusions, see reference list) 
 
Acetamiprid: 
Test system Indicator cells Result 
Ames bacterial reverse 
mutationa assay 
Salmonella typhimurium TA98, TA100, 
TA1535, TA1537 and Escherichia coli 
WP2uvrA 
Negative 
In vitro mammalian cell 
gene mutation assay 
Chinese hamster ovary cells/HPRT locus Negative 
In vitro chromosome 
aberration assay 
Chinese hamster ovary cells Positive with and 
without S9 
In vitro unscheduled DNA Rat liver cells Negative 
In vivo mouse micronucleus 
assay 
Bone marrow polychromatic erythrocytes of 
CD-1 mice 
Negative 
In vivo chromosome 
aberration study 
Rat bone marrow Negative 
In vivo unscheduled DNA Rat liver cells Negative 
EU-evaluation Acetamiprid (agreed endpoints, see reference list) 
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Thiacloprid 
Test system Indicator cells Result 
Ames bacterial reverse 
mutation assay 
Salmonella typhimurium TA98, TA100, 
TA1535, TA1537 and Escherichia coli 
WP2uvrA 
Negative 
In vitro mammalian cell 
gene mutation assay 
Chinese hamster ovary cells/HPRT locus Negative 
In vitro chromosome 
aberration 
assay 
V79 cells Negative 
In vitro unscheduled DNA Rat liver cells Negative 
In vivo mouse micronucleus 
assay 
Bone marrow polychromatic erythrocytes 
of CD-1 mice 
Negative 
EU-evaluation Thiacloprid (agreed endpoints, see reference list) 
 
In conclusion: whereas positive genotoxicity results were reported in vitro for both acetamiprid 
and thiacloprid, EU-regulatory studies do not confirm that the compounds would be 
clastogenic in vivo. 
 
4.7 Neurodevelopmental studies of EU-approved neonicotinoids 
 
The SHC was asked, among others, to appraise the possible impact on human health 
consecutively to an exposure to neonicotinoids authorised in Belgium, with special attention 
to the opinion of the EFSA scientific Panel on Plant Protection Products and their Residues 
(PPR) on the developmental neurotoxicity potential of acetamiprid and imidacloprid, and the 
scientific rationale to revise the toxicological reference values. 
 
Therefore, a short summary of the opinion of the EFSA PPR panel, as well as the key papers 
cited, is presented and discussed. The proposals are extended to the other neonicotinoids 
approved until now. 
 
Background: 
 
An in vitro study (Kimura-Kuroda et al., 2012) suggests that excitation and/or desensitisation 
of nicotinic acetylcholine receptors (nAChRs) by acetamiprid and imidacloprid might affect the 
developing mammalian nervous systems, as demonstrated for nicotine. The Directorate 
General for Health and Food Safety of the European Commission mandated EFSA to examine 
the paper, in order to establish: 
- if acetamiprid and imidacloprid exhibit developmental neurotoxic effects; 
- if acetamiprid and imidacloprid have adequately been assessed until now; 
- if the existing Reference Doses (RfD), i.e. Acceptable Daily Intake (ADI), Acceptable 
Operator Exposure Level (AOEL) and Acute Reference Dose (ARfD), are still 
protective; 
- whether in vitro systems like  those of Kimura-Kuroda et al. should be used in the 
regulatory studies for neurotoxic compounds of the neonicotinoid class. 
 
  
   
 
Hoge Gezondheidsraad  
www.hgr-css.be 
 
 
− 41 − 
4.7.1 The study by Kimura-Kuroda et al. (2012) 
 
The experimental design and the results of the study are described in annex 6. 
 
Discussion: 
 
The authors highlight the importance of nAChRs during development and the adverse effects 
of nicotine. In the developing brain, α4β2 and α7 subtypes of the nAChR have been implicated 
in neuronal proliferation, apoptosis, migration, differentiation, synapse formation, and neural-
circuit formation; nicotine and neonicotinoids could affect these processes when they activate 
nAChRs. They also highlight that chronic exposure to nicotine causes a series of adverse 
effects on the normal development of a child. Perinatal exposure to nicotine is a known risk 
factor for sudden infant death, low-birth-weight infants and attention deficit hyperactivity 
disorder (ADHD). Further, nicotine exposure modulates the cell-adhesion and cell-
death/survival systems in the brain of adolescent rats and may lead to numerous behavioural 
and physiological deficits. Since newborn rats are equivalent to the human embryo from the 
aspect of brain development, the effects of the neonicotinoids on neonatal rat cerebellar 
cultures imply that there may well be prenatal adverse effects of neonicotinoids in humans. 
 
The PPR panel is somewhat more cautious in its conclusions (EFSA, 2013). 
 
The PPR considers the methodology which is widely used in in vitro neurotoxicity (NT) studies, 
suitable. 
 
Notwithstanding the fact that the PPR panel acknowledges the value of the published in vitro-
studies, some methodological shortcomings were highlighted. Nevertheless, an attempt was 
made putting into context the in vitro data in connection with the existing in vivo studies on the 
neonicotinoids. 
 
The concentrations which apply in vitro to the human toxicity studies and these used in the 
animal in vivo studies were compared. 
 
- Extensive data on the concentration of nicotine in smokers’ blood are cited; they vary 
from 0.067 µM to 0.307 µM. 
- Published cases indicated blood concentrations after acetamiprid intoxications vary 
from 10.7 - 268 µM. 
- Plasma concentrations after imidacloprid self-poisoning of 28 confirmed cases mention 
a median value of 10.58 ng/L (0.047 µM, range: 0.02 - 51.25 ng/L, Interquartile Range 
(IQR): 3.84 - 15.58 ng/L). 
 
The data in the discussed publication are also linked with extensive literature data in animals. 
For nicotine, an intrafemoral artery injection of 1 mg/kg Body Weight (BW) resulted in a 
plasmatic peak of 0.0021 µM (10’). For imidacloprid, oral administration of 1 mg/kg BW and 5 
mg/kg BW resulted in plasmatic Cmax values of respectively 0.72 µg/mL (2.8 µM) and 13 µg/mL 
(50 µM). 
 
One concluded that, while the tested concentrations for nicotine were overly high when 
compared to plasma values in humans and animals, the tested concentrations for the 
neonicotinoids acetamiprid and imidacloprid (1 - 100 µM) are realistic. 
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4.7.2 Regulatory studies on acetamiprid and imidacloprid 
 
4.7.2.1 Acetamiprid 
 
Whereas a Developmental Neurotoxicity (DNT) study was not available during the EU peer 
review, the study was made available by the US Environmental Protection Agency (EPA, 
2004) and is summarised below. 
 
In a DNT study compliant with the US-EPA guideline OPPTS 870.6300 (August 1998), 
acetamiprid was administered to 25 mated female rats dosed by gavage at doses of 0, 2.5, 
10 and 45 mg/kg/day from gestation day (GD) 6 through lactation day (LD) 21. 
 
The maternal NOAEL was 10 mg/kg per day based on decreased body weight and decreased 
body weight gain during gestation at 45 mg/kg BW per day. At this high dose level the offspring 
showed treatment-related decreased body weights and decreased body weight gains in males 
and females post-weaning, decreased pre-weaning survival (Postnatal Day (PND) 0-1), and 
decreased maximum auditory startle response in males. The treatment had no adverse effects 
on clinical signs, developmental landmarks, functional observational battery (FOB), brain 
weight or brain morphology. However, the reviewer highlights that some subtle effects were 
reported on brain morphometry at the top-dose (brain width declined in PND 72 males by ca. 
5 % p≤0.01, length of the dentate hilus (ventral limb) decreased in PND 72 females by ca. 15 
% p≤0.05). 
 
No conclusions could be made on the assessment of the motor activity due to the low 
confidence in the data because of problems with the control data (i.e., the normal 
developmental pattern was not seen in control animals). 
 
The maximum auditory startle response amplitude decreased by 27 % (PND 20) and 40 % 
(PND 60) at 10 mg/kg BW per day, and by 42 % (PND 20) and 53 % (PND 60) at 45 mg/kg 
BW per day. However, only in the latter case the endpoint was considered as treatment-related 
by the US-EPA. No conclusion was made on the effects of acetamiprid on learning and 
memory because of the high variability of the data. 
 
The PPR Panel considers that, notwithstanding the claimed guideline compliance of this study, 
the data do not allow any firm conclusion since important endpoints such as motor activity, 
learning and memory evaluation could not be properly assessed. Moreover, insufficient 
arguments support the straight conclusion of the study reporting that (seemingly dose-related) 
reduced auditory startle responses in offspring first noted at 10 mg/kg BW were not related to 
treatment. Overall the study can only provide supportive evidence, but is inadequate for a 
proper characterisation of the effects and dose-response relationship between acetamiprid 
and developmental neurotoxicity. 
 
The PPR Panel recommends that, based on these uncertainties and methodological 
drawbacks, the NOAEL for DNT should be conservatively set at 2.5 mg/kg BW per day (the 
lowest dose). 
 
4.7.2.2 Imidacloprid 
 
The same study summarised in the imidacloprid Draft Assessment Report (DAR) and 
compliant to US-EPA guideline OPPTS 870.6300 (August 1998), was also available to US 
EPA. The average daily intake of imidacloprid (administered to 30 parent female rats from GD 
0 through PND 21) was 0, 8, 19.4, 54.7 mg/kg BW/ day during gestation. Observed treatment-
related effects for maternal animals include a decrease in food consumption for females 
(dams) in the high dose group as compared to the controls during the 3rd week of gestation 
and the 1st week of lactation.  
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There was also a decrease in body weight gain during LD d 0-7. The maternal NOAEL was 
19.5 mg/kg BW per day taking into account the decreased food consumption and decreased 
body weight gain during lactation. 
 
Treatment-related effects for offspring were limited to the high dose group. Body weights of 
high-doses both in males and females significantly decreased by 11-13 % (p <0.05) prior to 
and after weaning, with recovery (in females back to control levels by PND 50, in males to a 
4 % difference that persisted to study termination). Body weight gains were also decreased 
12-23 % during lactation, with recovery by PND 17. Overall motor activity decreased on PND 
17 in high-dose males (38 %) and females (31 %) and on PND 21 in females (37 %), although 
the differences were not statistically significant. The effects on motor activity were treatment 
related because of their magnitude and the occurrence at the high dose in both sexes during 
the period of exposure. High doses in females at PND11 resulted in a 5.5% decrease in 
thickness of the caudate/putamen in comparison to the controls (2.617 vs. 2.769 mm). These 
females also had a 27.6 % reduction in the thickness of the corpus callosum (0.436 vs. 0.602 
mm). The decrease in the caudate/putamen width persisted in high dose female animals at 
study termination (3.677 vs. 3.750 mm, p<0.05). The offspring NOAEL was 19.5 mg/kg BW 
per day based on decreased body weight and body weight gain, and decreased motor activity. 
The NOAEL for neuropathological findings in females was conservatively estimated to be 5.5 
mg/kg BW per day based on the application of an extra 10 safety factor to the LOAEL (Lowest 
Observed Adverse Effect Level) (54.7 mg/kg BW per day) since neuropathology examination 
was not performed at lower doses. 
 
PPR further noted that the pathological changes observed in basal ganglia (caudate and 
putamen) and in the corpus callosum may be associated with controlling the motor function. 
In particular, putamen is connected with the globus pallidus and the substantia nigra through 
various nervous pathways. Since the putamen is involved in movement regulation and 
influences various types of learning, a decrease in thickness of this structure could be due to 
a decreased number of neurons/glia ultimately leading to decreased motor activity. The 
neuronal nAChRs may be involved in some of this neuropathology, thus a possible link 
between morphological and functional changes should be taken into account. Since a 
neuropathological assessment was first performed on PND 11, the timeline of the imidacloprid 
developmental neurotoxicity could not be determined. Therefore, evidence from the DNT 
study in rats suggests that imidacloprid may affect the development of the brain structures, 
although the current data may be insufficient for a proper characterisation of the effects and 
dose-response relationships of imidacloprid’s developmental neurotoxicity during pre- and 
postnatal periods. 
 
4.7.3 Adaptations of the reference doses (RfDs) for acetamiprid and imidacloprid. 
 
As shown in Table 6, the PPR proposed to reduce the RfDs of acetamiprid to 0.025 mg/kg 
BW/d, and of imidacloprid (only AOEL and ARfD) to 0.06 mg/kg BW/d. 
 
The SHC agrees that these proposals would be re-examined by the EU. 
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Table 6. Overview of existing (EU peer-reviewed) and proposed Reference doses (RfDs) of the existing neonicotinoids 
 
A.s. Type 
RfD 
(mg/kg 
BW/d) 
NOAEL 
(mg/kg 
BW/d) 
Study relied upon Revised RfD 
(mg/kg BW/d) 
DNT NOAEL (mg/kg 
BW/d) 
DNT LOAEL (mg/kg 
BW/d) 
Acetamiprid ADI 0.07 7 2 yr rat / 2G 0.025 2.5° (0.025) 10 
 AOEL 0.124 12.4 90d rat 0.025   
 ARfD 0.1 10 Acute NT rat 0.025   
Imidacloprid ADI 0.06 6 2 yr rat 0.06 (n.c.) 5.5‡(0.055) 55 
 AOEL 0.08 8 28-90d dog 0.06   
 ARfD 0.08 8 90d dog/rabbit 
development 
0.06   
Clothianidin ADI 0.097 9.7 2 yr rat n.c. 43° (0.43) 142 
 AOEL 0.10 10 Rat/rabbit development n.c.   
 ARfD 0.10 10 Rat/rabbit development n.c.   
Thiamethoxam ADI 0.026 2.6 18 mo mouse n.c. 34.5* (0.345) 299 (0.299)§ 
 AOEL 0.08 8 90d dog n.c.   
 ARfD 0.5 50 rabbit development 0.3 t.b.c.   
Thiacloprid ADI 0.01 1 2 yr rat n.c. 4.4** (0.044) 25.6 (0.0256) § 
 AOEL 0.02 2 rabbit development n.c.   
 ARfD 0.03 3 Acute NT rat n.c.   
*,**: based upon DNT studies evaluated by the US-EPA (2003**, 2005*); further Peer Review is anticipated at renewal of the a.s. in the EU. 
°: real NOAEL’s based on developmental neurotoxicity findings at the next-higher dose 
‡: an extra uncertainty factor (10) on the LOAEL was applied by PPR, to cover missing brain thickness measurements at intermediary doses 
§: applying the same uncertainty factor (10) on the LOAEL, and deriving a ‘worst-case’ RfD to cover missing brain thickness measurements at 
intermediary doses, indicates a potential slight underestimation of the ARfD for Thiamethoxam, but is sufficiently conservative for Thiacloprid. 
n.c.: no change; t.b.c.: to be confirmed 
The values labelled by “” are derived using a 10x10 assessment factor on the NOAEL or a 10x10x10 assessment factor on the LOAEL
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4.7.4 Further evaluations of other neonicotinoids 
 
To extend the evaluation to the other neonicotinoids approved in the EU, the SHC checked the 
existing RfDs of the compounds clothianidin, thiamethoxam and thiacloprid with the available DNT 
studies (see annex 6). 
 
4.7.5 Conclusions 
 
a. Do acetamiprid and imidacloprid exhibit developmental neurotoxic effects? 
Indications exist that acetamiprid and imidacloprid show DNT potential, and may (slightly) affect 
neural development and function at systemically toxic doses (i.e. at doses where other toxicity 
findings are observed). 
 
b. Have acetamiprid and imidacloprid adequately been assessed until now? 
According to the panel, the DNT study on acetamiprid was suboptimal because (i) motor activity 
and memory could not be adequately assessed, and (ii) uncertainty exists about the auditory startle 
response in the pups. The acetamiprid and imidacloprid study shows limitations impairing to 
conclude on behavioural effects and/or a dose-response relationship for the brain morphometry. 
 
c. Are the existing Reference doses (RfDs) still protective? 
The ADI, AOEL and ARfD of acetamiprid and the AOEL and ARfD of imidacloprid were tentatively 
reduced to 0.025 mg/kg BW/d and 0.06 mg/kg BW/d, respectively. 
 
d. Are in vitro systems like those of Kimura-Kuroda et al. useful in the regulatory studies 
for neurotoxic compounds of the neonicotinoid class? 
Current in vitro systems cannot substitute for in vivo DNT, since (i) only a limited number of neural 
cell types are assessed, (ii) behavioural outcomes remain not covered in vitro. If properly validated, 
the in vitro tests could provide indicators as a first alert and/or to prioritise the further screening of 
compounds. 
 
DNT studies on neonicotinoids should describe their plausible mode of action (MoA) on the neural 
system. 
 
Concerning the other neonicotinoids on the EU market (clothianidin, thiamethoxam and thiacloprid), 
taking into account the lowest relevant DNT endpoint in pups, most existing reference doses are 
properly covered. 
 
Most compounds tested in the DNT studies act on the brain at the highest doses. Although 
morphometric measurements are characterized by large variations, and the effects are relatively 
modest, they are consistent, and often accompanied by slight, but potentially relevant behavioural 
changes. For acetamiprid and imidacloprid, the possibility exists that the observed effects are 
associated to both maternal and/or pup systemic toxicity and that they are not per se a 
consequence of neurotoxicity. However, given the plausibility of a neurotoxic effect of 
neonicotinoids (supported by the cited in vitro study), this hypothesis cannot be discarded 
completely. 
 
Except for clothianidin, the top-dose histometric findings for thiamethoxam and thiacloprid are not 
or insufficiently assessed at the intermediate doses. Nevertheless, applying a conservative high 
assessment factor on the LOAELs would lead to RfD’s which would not be meaningfully lower than 
those obtained by the other studies (except perhaps for the ARfD of thiamethoxam). This means 
that the drivers for both the consumer and non-consumer reference doses are not necessarily the 
DNT studies. 
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Overall, while neonicotinoids have been shown to demonstrate characteristics of nicotine-like 
effects at high dose in vivo, consistent with specific vertebrate nAChR agonism, the much lower 
binding affinity compared with that of nicotine is widely accepted being the principal factor for the 
lower toxicity of the neonicotinoids. While the cited in vitro study would indicate that nicotine and 
neonicotinoids display comparable physiological/neurotoxic effects, it is still unclear if these data 
may be extrapolated in vivo. 
However, a conservative re-appraisal of the existing DNT studies on neonicotinoids indicates that 
the existing RfD’s of clothianidin and thiacloprid (and partly thiamethoxam) are covering potential 
developmental NT effects. For acetamiprid and imidacloprid, lower RfD’s may be proposed. 
 
As for acetamiprid and imidacloprid, the DNT of all neonicotinoids will be re-assessed at the EU-
level at the occasion of their renewal under Regulation no 1107/2009. However, since several 
Member States expressed a request to have a discussion on the basis of the original studies, EU 
authorities can initiate a procedure to assess these. 
 
The SHC agrees that these proposals would be re-examined at the EU-level. 
 
4.8 Comments, gaps to be filled 
 
Data on the interactive aspects among neonicotinoids and between neonicotinoids and related 
substances are scarce (see section 2.1.3). 
 
The toxicological effects of low-dose pesticide mixtures on human health are largely unknown, 
although there are growing concerns about their safety. The combined toxicological effects of two 
or more components of a pesticide mixture can take one of three forms: independent, dose addition 
or interaction. Not all mixtures of pesticides with similar chemical structures produce additive 
effects; thus, if they act on multiple sites their mixtures may produce different toxic effects. The 
additive approach also fails when evaluating mixtures that involve a secondary chemical that 
changes the toxicokinetics of the pesticide as a result of its increased activation or decreased 
detoxification, which is followed by an enhanced or reduced toxicity, respectively (Hernandez et al., 
2013). 
 
These (and other) gaps provide significant uncertainty on the impacts of the environmental health 
problems. Therefore a precautionary attitude is indicated when establishing standards. 
 
Evidence based information indicates that thiacloprid, which is used both as an insecticidal plant 
protection product and a biocidal product active for use in wood preservatives, induces tumours. 
The European Chemicals Agency (ECHA) (ECHA, 2015) agreed to classify thiacloprid as toxic if 
swallowed (Acute Tox. 3; H301) and harmful if inhaled (Acute Tox. 4; H332), and which may cause 
drowsiness or dizziness (STOT SE 3; H336). The substance is suspected of causing cancer (Carc. 
2; H351), and may damage fertility and the unborn child (Repr. 1B, H360FD), possibly via an 
endocrine mode of action. Therefore, the substance will be phased out, because 1A or 1B 
reprotoxicants or endocrine disrupters cannot be approved under the pesticide regulation 
(Regulation (EC) No 1107/2009). However a more preventive attitude points to, among others, the 
chemical similarity between the neonicotinoids and the limited sensitivity of the epidemiological 
approach, to advocate a precautionary attitude towards all neonicotinoids. A molecular-
epidemiological approach studying the association between internal exposure to neonicotinoids 
and biological effects in humans, might contribute importantly to improve knowledge. 
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IV. CONCLUSIES EN AANBEVELINGEN 
 
In dit hoofdstuk beantwoordt de HGR de vragen van de ministers en staatssecretaris over de 
impact van het gebruik van insecticiden op basis van neonicotinoïden en fipronil. Vervolgens 
verleent de Raad enkele algemene aanbevelingen over het gebruik van deze stoffen. 
 
De Raad werd om advies verzocht naar aanleiding van de publicatie van de ‘Worldwide Integrated 
Assessment on the risks of neonicotinoids and fipronil to biodiversity and ecosystem functioning’ 
van de International Task Force on Systemic Pesticides, de zogenaamde WIA-studie (Bonmatin et 
al., 2014; Chagnon et al., 2014; Furlan and Kreutzweiser, 2014; Gibbons et al., 2014; Pisa et 
al.,2014; Simon-Delso et al., 2014; van der Sluijs et al.,2014). Tijdens de voorbereiding van 
onderhavig verslag rondde de European Academies Science Advisory Council een gelijkaardige 
studie af (hierna aangeduid als de EASAC-studie) (European Academies Science Advisory Council 
2015). Verder nam de Raad kennis van reviews van recente wetenschappelijke studies (Godfray 
et al., 2014; Godfray et al., 2015). Bij het beantwoorden van de vragen heeft de HGR ook rekening 
gehouden met deze twee recentere studies. 
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1. Vragen 
 
Beoordeling van de studies van de Task Force on Systemic Pesticides die gepubliceerd werden in het 
tijdschrift Environmental Science and Pollution Research met een bijzondere aandacht voor: 
 
- de wetenschappelijke kwaliteit van de methodologie aangewend door de auteurs  
 
Het congres van de Internationale Unie voor Natuurbehoud omschrijft, in een verwijzing naar de 
oprichting van de Task Force on Systemic Pesticides, de WIA-studie als een "alomvattende 
wetenschappelijke beoordeling" (IUCN, 2012). Een dergelijke studie is vergelijkbaar met verslagen 
opgemaakt door wetenschappelijke panels van nationale en internationale organisaties, zoals de 
HGR. De kwaliteit van deze studieverslagen hangt af van de volledigheid van de bestudeerde 
literatuur, de onafhankelijkheid en de multidisciplinaire samenstelling van het panel en, indien van 
belang, de diversiteit aan wetenschappelijke onderwijsinstellingen die door het panel 
vertegenwoordigd wordt. Het ontbreekt de HGR aan middelen om al deze aspecten grondig te 
beoordelen. 
 
Wat betreft de onderzochte literatuur merkt de Raad op dat niet voor alle hoofdstukken (i.e. de 
tijdschriftpublicaties met uitzondering van de besluitvormende publicatie (van der Sluijs et al., 
2014)) de zoekstrategie duidelijk gespecificeerd is. Enkel het hoofdstuk over in het wild levende 
gewervelden (Gibbons et al., 2014) verstrekt meer details over de gevolgde strategie bij het 
samenstellen van de literatuur. De Raad beschouwt het gebrek aan informatie over de 
zoekstrategie als een nalatigheid. De HGR vond echter geen aanwijzingen voor een 
vooringenomen selectie van de literatuur. In zijn geheel biedt het WIA-rapport (2014) een synthese 
van 1.121 gepubliceerde peer-reviewed studies, uit hoofdzakelijk de laatste vijf jaar. De 
onderzochte informatie werd geput uit de openbare wetenschappelijke literatuur, hetgeen een 
aanvaardbare procedure is. Via review papers werd er gedeeltelijk en onrechtstreeks rekening 
gehouden met de informatie uit regulatoire documenten verstrekt door de industrie, waarvan vaak 
alleen maar de samenvatting beschikbaar is. 
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De WIA-studie is noch een systematische review, noch een meta-analyse (en beweert dit ook niet 
te zijn), of toch niet wanneer men voor de betekenis van beide begrippen de definities hanteert van 
bv. de Cochrane Collaboration.4 5 Dit betekent dat de methodologie en dus ook de bevindingen niet 
beantwoorden aan wat in de medische beroepswereld en die van de volksgezondheid algemeen 
beschouwd wordt als behoorlijk wetenschappelijk nauwkeurig. Dit betekent echter niet dat de 
aanpak en de daaruit vloeiende bevindingen niet correct, relevant of bruikbaar zijn. De Raad heeft 
goede redenen om te vertrouwen op de bevindingen van de WIA-studie. Een reden hiervoor is de 
kwaliteit van de studie zowel wat de breedte van de onderzochte literatuur, de grondige analytische 
aanpak, als wat de uitstekende communicatie van de resultaten betreft. Een andere reden is het 
feit dat de conclusies van de EASAC-studie, een beoordeling van een volledig verschillend panel 
(European Academies Science Advisory Council, 2015), overeenstemmen met die van de WIA-
studie. 
 
- de criteria voor de selectie van de geanalyseerde studies, in het bijzonder die met betrekking op 
de relevantie en betrouwbaarheid, ook met referentie aan de EFSA leidraad ‘Submission of scientific 
peer-reviewed open literature for the approval of pesticide active substances under Regulation (EC) 
Nr. 1107/2009’ (http://www.efsa.europa.eu/en/efsajournal/pub/2092.htm ) 
 
De basisprincipes van de EFSA leidraad waarnaar in deze vraag wordt verwezen (European Food 
Safety Authority, 2011), hebben betrekking op systematische reviews, zoals gedefinieerd in de 
voetnoot bij het antwoord op de vorige vraag (voetnoot 4). Aangezien de WIA-studie geen 
systematische review is in deze zin, zijn de criteria waarnaar verwezen wordt niet ten volle van 
toepassing. Niettemin, zoals hierboven vermeld, zou meer informatie over de literatuurselectie ten 
goede gekomen zijn van het WIA-rapport. 
 
  
                                               
4  Een systematische review poogt al het empirisch bewijsmateriaal te verzamelen dat past binnen de vooraf 
gespecificeerde inclusiecriteria om een specifieke onderzoeksvraag te beantwoorden. Er worden expliciete 
systematische methoden gebruikt die geselecteerd worden om vooringenomenheid tot een minimum te beperken, 
waardoor meer betrouwbare bevindingen worden verstrekt en dus conclusies worden getrokken en beslissingen 
worden gemaakt [...]. De sleutelkenmerken van een systematische review zijn: 
- een duidelijk vastgelegde set van doelstellingen met vooraf bepaalde inclusiecriteria voor studies;  
 - een expliciete, reproduceerbare methodologie;  
 - een systematische zoekactie die poogt alle studies te identificeren die aan de inclusiecriteria zouden voldoen;  
 - een beoordeling van de validiteit van de bevindingen van de geselecteerde studies, bijvoorbeeld door de beoordeling 
van het risico op bias; en  
 - een systematische voorstelling, en synthese, van de kenmerken en bevindingen van de geselecteerde studies.  
Vele systematische reviews bevatten meta-analyses. Meta-analyse is het gebruik van statistische methoden om de 
resultaten van onafhankelijke studies samen te vatten [...]. Door het samenbrengen van informatie uit alle relevante 
studies, kunnen meta-analyses nauwkeurigere schattingen van de effecten van gezondheidszorg bieden dan die 
afgeleid uit individuele studies binnen een review [...]. Meta-analyses vergemakkelijken ook het onderzoek naar de 
consistentie van het bewijsmateriaal over de studies heen, en het onderzoek naar de verschillen tussen de studies 
(Cochrane Collaboration, 2011,section 1.2). 
5  De HGR merkt op dat in nieuwsberichten de WIA-studie soms als een systematische review en zelfs als een meta-
analyse omschreven wordt. 
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Vanwege de gebruikte publicatiemethode, d.i. in de vorm van een reeks papers geschreven door 
leden van de task force, is het WIA-studierapport (de verzameling van papers) minder coherent 
dan wanneer er was gekozen voor een verslag met hoofdstukken en, indien nodig, bijlagen. Het 
rapport zou ook aan duidelijkheid hebben gewonnen door de toepassing van de zogenaamde 
impactketen benadering (populatie van organismen, blootstelling, vergelijking, en uitslag), hetgeen 
de interpretatie van de resultaten in termen van causaliteit vergemakkelijkt zou hebben. De huidige 
conclusies (van der Sluijs et al., 2014) moeten beschouwd worden als een consensusmening van 
de 30 leden van de Task Force op basis van de reviews in verschillende topic papers. 
 
- de dosissen waaraan de testorganismen werden blootgesteld in de door de Task Force 
beschouwde studies (en in het bijzonder of deze dosissen van een vergelijkbare grootteorde zijn als 
de dosissen waaraan organismen kunnen worden blootgesteld gezien de toegestane toepassingen 
in België) 
 
De auteurs van het WIA-rapport baseren hun conclusies op een breed scala aan studies, zoals 
verslagen van laboproeven, veldwaarnemingen, en veldproeven. Gelet op al het verzamelde en 
geanalyseerde bewijsmateriaal stellen ze dat hun conclusies betrekking hebben op relevante 
veldomstandigheden. De auteurs bespreken ook de onzekerheden en melden dat vooral 
veldstudies niet altijd consistente resultaten opleveren, hetgeen ook door andere reviewers 
geconcludeerd wordt (bv. Godfray et al., 2014). 
 
De betekenis voor het "wildleven" is een bezorgdheid waarop wordt ingegaan in een aantal studies 
die na de WIA-studie gepubliceerd zijn (Williams et al., 2015; Stanley and Raine, 2016). Deze 
recentere papers ondersteunen de bovenvermelde stelling over de "relevante 
veldomstandigheden". 
 
- in het geval deze dosissen inderdaad van een vergelijkbaar grootteorde zijn, de mogelijke impact 
op de biodiversiteit in België 
 
Veldconcentraties van pesticiden verschillen van land tot land en van regio tot regio. Ze zijn onder 
meer afhankelijk van landbouwpraktijken, soorten gewassen en regelgeving. Toch zijn de 
conclusies van de WIA-studie, gezien de verscheidenheid aan bronnen waarop ze gebaseerd zijn, 
algemeen genomen ook relevant voor België en de bezorgdheden die volgen uit deze conclusies 
(zie hieronder) zijn relevant voor het Belgische landbouw- en pesticidenbeleid (zie bv. Vlaamse 
Milieumaatschappij, 2015). Dit niettegenstaande de vaststelling dat de residuwaarden van de 
insecticiden in kwestie in voedingsproducten nog steeds relatief laag zijn, gezien de huidige kennis 
van toxische effecten op mensen, zoals uitgedrukt in de zogenaamde maximumwaarden voor 
residuen (FASFC, 2014; FASFC, 2015). 
 
- de mogelijke risicobeperkende maatregelen als toelatingsvoorwaarden om de blootstelling van niet-
doelorganismen op een aanvaardbaar niveau te brengen 
 
Deze vraag suggereert dat voor een toelating van insecticiden (of meer algemeen pesticiden) het 
(belangrijkste) relevante criterium een blootstellingsgrens voor niet-doelorganismen is.  
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De HGR onderschrijft in het algemeen, maar ook vanuit het perspectief van de volksgezondheid, 
geen benadering die enkel gebaseerd is op een stof per stofbeoordeling. Immers ook het huidige 
Europese en Belgische pesticidenbeleid past een bredere benadering toe, omschreven als 
Integrated Pest Management. Chemische pesticiden in de landbouw zijn in dit kader een maatregel 
die alleen maar in een laatste instantie als een toevlucht kan worden gebruikt. Hieronder diept de 
Raad deze kwestie verder uit. 
 
- de mogelijke impact op de menselijke gezondheid als gevolg van een blootstelling aan toegelaten 
toepassingen in België, met een bijzondere aandacht voor de EFSA Scientific Opinion on the 
developmental neurotoxicity potential of acetamiprid and imidacloprid, en de wetenschappelijke 
onderbouwing van het voorstel in deze Opinion om de toxicologische referentiewaarden aan te passen 
 
Zowel de WIA-studie als de EASAC-studie besluiten dat er aanwijzingen zijn dat de stoffen in 
kwestie niet-doelorganismen aantasten, waaronder ook gewervelde organismen en dit bij 
omgevingswaarden die het gevolg zijn van de huidige toegelaten toepassingen. Hoewel 
observationele en experimentele gegevens verkregen werden voor niet-menselijke gegevens (de 
WIA-studie gaat niet in op de effecten op de menselijke gezondheid en de EASAC-studie bekijkt 
enkel het effect op de ecosysteemdiensten in het algemeen), vormen de conclusies een 
waarschuwing dat mensen misschien niet onaangetast zijn. De toenemende toepassingen 
wereldwijd in de landbouw kunnen leiden tot chronische blootstellingen ondanks de, volgens de tot 
op heden beschikbare gegevens, relatief lage blootstellingsniveaus. De effecten van dergelijke 
chronische blootstellingen zijn echter niet goed gekend, vooral wanneer de huidige 
voorgeschreven testen niet de specifieke omstandigheden en de subletale effecten op 
testorganismen zouden omvatten. 
 
De HGR heeft zich gebogen over het EFSA standpunt over acetamiprid en imidacloprid (EFSA 
Panel on Plant Protection Products and their Residues, 2013). De Raad ondersteunt de redenering 
en de conclusies van dit EFSA-rapport, met inbegrip van de aanpassing van de toxicologische 
referentiewaarden voor deze stoffen. Het ondersteunt ook de verdere beoordeling van andere 
neonicotinoïden. Samen met de conclusies van de WIA- en EASAC-studies leidt dit echter tot een 
element van voorzorg met consequenties voor beleidsmaatregelen. Hieronder diept de Raad deze 
kwestie verder uit. 
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2. Breder kader 
 
Het debat over neonicotinoïden en andere systeempesticiden ontstond vanuit een bezorgdheid 
over de afname van bestuivers, in het bijzonder van honingbijen (Henry et al., 2012). De WIA-
studie, alsook de EASAC-studie vertrok vanuit een breder perspectief en verzamelde en 
beoordeelde de informatie over de effecten op andere (ongewervelde en gewervelde) organismen 
en op de gezondheid van het ecosysteem en de ecosysteemdiensten. Zowel de rechtstreekse als 
onrechtstreekse gezondheid van de mens kan door deze stoffen worden aangetast. Bij het 
vergunnen van de pesticidentoepassingen wordt er vooral met de mogelijke onrechtstreekse 
gezondheidseffecten, bv. door de impact op ecosysteemdiensten, geen rekening gehouden. 
 
De HGR bekijkt hier in ruime zin de toepassingen van neonicotinoïden en andere 
systeempesticiden. 
 
2.1 Landbouwkundig gebruik van neonicotinoïden 
 
Het beleidskader voor de toepassing van pesticiden in de Europese Unie wordt beschreven in de 
richtlijn voor een duurzaam gebruik van pesticiden (EU, 2009). Deze richtlijn definieert en promoot 
een geïntegreerde gewasbescherming (integrated pest management - IPM). De IPM-benadering 
voor landbouwproductie beoogt het verminderen van pesticidengebruik in het voordeel van niet-
chemische methoden voor gewasbescherming. Chemische producten worden beschouwd als een 
laatste toevluchtsmiddel. Op dit moment vormt dit beleid de basis voor het pesticidengebruik op 
federaal en regionaal niveau in België (zie Brussel, 2013; KB, 2013; Vlaamse Regering, 2013; 
Wallonië, 2013). 
 
Een belangrijk gebruik van neonicotinoïden pesticiden is de toepassing als een zaadcoating 
(Jeschke et al., 2011). Zoals de WIA- en de EASAC-verslagen besluiten, vormt dit type gebruik niet 
een aanvulling op niet-chemische methoden van gewasbescherming, maar vervangt dit volledig of 
grotendeels de niet-chemische alternatieven. Binnen het huidige Europese en Belgische 
beleidskader voor gewasbescherming hangen dergelijke toepassingen voor gewasbescherming af 
van een a priori besluit dat niet-chemische alternatieven falen of niet toepasbaar zijn. Het valt buiten 
de reikwijdte van dit advies en ook buiten de opdracht van de HGR om een dergelijk besluit 
uitvoerig te becommentariëren. De Raad vraagt echter aan hen die verantwoordelijk zijn voor het 
pesticidenbeleid om nota te nemen van de onenigheid tussen toepassingen van neonicotinoïden 
als zaadcoating en een geïntegreerde gewasbescherming. 
 
De HGR pleit er daarom voor om het debat rond systeeminsecticiden in een nieuw kader te 
plaatsen. De eerste vraag is niet of neonicotinoïden veilig genoeg zijn voor bijen of voor andere 
soorten, met inbegrip van de mens. De eerste vraag is of er geen alternatieve 
gewasbeschermingsmethoden bestaan, zonder chemische stoffen te gebruiken, die veiliger zijn 
voor het milieu en de gezondheid van de mens, en die economisch haalbaar of zelfs gunstiger zijn. 
Als op deze vraag positief kan worden geantwoord, zijn deze insecticiden minstens niet langer een 
factor die in verband gebracht wordt met een bijenafname en vormen ze geen gevaar voor andere 
soorten, aangezien hun gebruik moet worden uitgedoofd.  
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Indien alternatieve gewasbeschermingsmethoden economisch minder haalbaar of gunstig zijn, dan 
is er een degelijke risicobeoordeling van de optie insecticidengebruik nodig, waarbij niet alleen 
wordt rekening gehouden met de mogelijke economische aspecten, maar ook met andere 
relevante aspecten zoals de effecten op de gezondheid van de mens. De HGR brengt advies uit 
over de aspecten van menselijke gezondheid, maar kan enkel procedurele aanbevelingen verlenen 
over hoe de economische aspecten af te wegen tegenover andere maatschappelijke relevante 
aspecten zoals menselijke gezondheid. Als een procedurele aanbeveling beveelt de HGR aan om 
een stakeholder raadpleging te organiseren vergelijkbaar met die georganiseerd voor de 
interpretatie van menselijke biomonitoring bevindingen in Vlaanderen (Keune et al., 2009a).6  
 
2.2 Niet-landbouwkundige toepassingen 
 
Neonicotinoïden worden ook buiten de landbouw gebruikt, maar er zijn amper gegevens over deze 
toepassingen in bijvoorbeeld tuinbouw, bosbouw of stedelijk groen (Simon-Delso et al., 2014). 
Aangezien de belangrijkste toepassingen zich in de landbouw bevinden zal de HGR niet verder 
ingaan op de andere gebruiksvormen. Niettemin gelden voor dergelijke gebruiksvormen, met name 
door particuliere consumenten en grondbeheerders gelijkaardige beleidsoverwegingen, zoals deze 
die hierboven besproken worden. 
 
2.3 Effecten op de menselijke gezondheid 
 
Effecten van rechtstreekse blootstelling 
 
De HGR besluit op basis van de beschikbare gegevens dat de effecten op de gezondheid van 
blootstelling aan neonicotinoïden gerelateerd zijn aan neurotoxiciteit, hormoonverstorende 
activiteit, genotoxiciteit (wat een mogelijk risico op kanker impliceert) en, voor thiacloprid, 
carcinogeniciteit, en afhangen van de pesticide(n) waaraan mensen worden blootgesteld en van 
de blootstellingspatronen. Het foetaal leven en de kindertijd zijn kritieke blootstellingsperiodes. 
 
Verder zijn de opgenoemde toxische effecten, binnen een aanvaardbare onzekerheidsmarge, 
ernstig en kunnen ze van lange duur zijn. De effecten treden op bij blootstellingsniveaus die 
vandaag als laag beschouwd worden. De huidige blootstellingswaarden in België lijken onder de 
internationale referentiewaarden te liggen (FASFC, 2014; FASFC, 2015). Aangezien verscheidene 
van deze referentiewaarden door de EU worden onderzocht of binnen de komende jaren zullen 
worden onderzocht, is voorzichtigheid aangewezen7. 
 
Effecten van degradatie van ecosystemen en ecosysteemdiensten 
 
De HGR vestigt ook de aandacht op de onrechtstreekse gezondheidseffecten gerelateerd aan 
ecosysteemdegradatie en een verlies aan ecosysteemdiensten (European Academies Science 
Advisory Council, 2015).  
  
                                               
6  Voor meer informatie over een stakeholder raadpleging, verwijst de HGR naar (Elliott et al., 2005; Hage and Leroy, 
2008).  
7  De HGR heeft kennis van de herevaluatie van neonicotinoïden en fipronil in de nabije toekomst onder Verordening 
(EG) nr. 1107/2099 (hernieuwing van goedkeuring). 
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Een uitgebreid rapport over de kwaliteit en gezondheid van ecosystemen werd gepubliceerd onder 
de noemer van de Millennium Ecosystem Assessment (Millennium Ecosystem Assessment, 2005). 
Hiernaast verscheen er over hetzelfde onderwerp recent een rapport dankzij een samenwerking 
tussen het Verdrag inzake Biologische Diversiteit en de Wereldgezondheidsorganisatie (Romanelli 
et al., 2015) en een ander van de Rockefeller Foundation-Lancet commissie (Whitmee et al., 2015). 
Gezien het wereldwijde en overvloedige gebruik en de aanwijzingen van effecten ook op niet-
primaire doelen, i.e. andere soorten buiten plagen, en bijgevolg op de ecosysteemkwaliteit, op de 
menselijke gezondheid en welzijn via indirecte wegen die na meerdere jaren tot uiting komen, eist 
neonicotinoïden onze aandacht op en is er verder onderzoek nodig. In dit opzicht pleit de HGR 
voor een voorzorgsstrategie (zie Box 6) vergelijkbaar met die waarvoor het al in andere gevallen 
gepleit heeft. 
 
Een belangrijke weg voor indirecte menselijke gezondheidseffecten is die via de voedselproductie 
(Klein et al., 2007; Eilers et al., 2011; Smith et al., 2015; Ellis et al., 2015; Nicole, 2015). Een groot 
deel van onze voedselvoorziening hangt af van de bestuiving door bijen en andere insecten. 
Wanneer de veelheid aan bestuivers negatief beïnvloed wordt door neonicotinoïden en 
vergelijkbare pesticiden kan dit leiden tot een verminderde beschikbaarheid van essentiële 
voedingsmiddelen, vooral in ontwikkelingslanden. Verdere studies naar de aard en de omvang van 
deze effecten zijn nodig, maar vitamine A kan een voedingsbestanddeel zijn dat beïnvloed wordt 
(Ellis et al.,2015). 
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3. Algemene aanbevelingen inzake de impactbeoordeling van neonicotinoïden 
 
Een wetenschappelijke beoordeling is slechts één van de inputs in het proces van 
beleidsbeslissing. De Raad heeft als opdracht het verlenen van een wetenschappelijke beoordeling 
van de impact op de gezondheid en zich zo veel mogelijk te onthouden van politieke interpretaties 
van zijn beoordeling. De Raad moet transparant zijn over op welke principes de beoordeling 
gebaseerd is, alsook over de voorzorgsoverwegingen (Elliott and Resnik, 2014). Dit is des te 
belangrijker wanneer de wetenschap vrij onbeslist is wegens wetenschappelijke onzekerheden en 
onbekende factoren, wetenschappelijke imperfecties of verschillende meningen onder 
deskundigen. 
 
In het geval van neonicotinoïden zijn er grote lacunes in de kennis over de impact op de gezondheid 
van de mens, zoals is aangegeven in de WIA-studie (van der Sluijs et al., 2014) en die van de 
Europese Academies (European Academies Science Advisory Council, 2015). Vooral in dergelijke 
gevallen kunnen verschillende belangen van verschillende stakeholdergroepen tot verschillende 
voorkeuren leiden bij het interpreteren van de wetenschappelijke informatie en kunnen ze tot 
verschillende beleidskeuzes leiden. De HGR beveelt daarom aan om een stakeholder raadpleging 
te houden rond de resultaten van een wetenschappelijke beoordeling (Elliott et al., 2006; Hage and 
Leroy, 2008; Keune et al., 2009a; Keune et al., 2009b). In deze raadpleging kunnen 
maatschappelijke en politieke beleidscriteria gedefinieerd worden, ook gebaseerd op hoe 
stakeholders de verzamelde wetenschappelijke informatie afwegen tegenover beleidskeuzes. 
Mogelijke criteria zijn bv. aspecten van menselijke gezondheid (op korte en lange termijn en m.b.t. 
rechtstreekse en onrechtstreekse routes), ecologische aspecten en economische aspecten van 
plaagbestrijdingsmaatregelen. Dit vormt dan de basis voor een gebalanceerd, geïnformeerd, 
gestructureerd en transparant besluitvormingsproces (Keune et al.,2009b). 
 
De Raad herhaalt dat als in de toekomst neonicotinoïden in goed gedefinieerde omstandigheden 
beschouwd worden als een laatste redmiddel voor gewasbescherming binnen het kader van een 
geïntegreerde gewasbescherming, zowel de WIA-beoordeling als de EASAC-studie bewijzen 
aanleveren die aanzetten tot bezorgdheid en een voorzorgsstrategie aanraden. In dit opzicht zou 
men zich moeten realiseren dat, zoals vele andere pesticiden, neonicotinoïden resistentie uitlokken 
onder de doelorganismen. Dit draagt ertoe bij dat pesticiden op lange termijn steeds gevarieerder 
en vaak krachtiger moeten worden, met als gevolg meer schade aan het milieu en meer 
gezondheidsrisico's om een (dalend) voordeel te halen voor de landbouw (de zogenaamde "Red 
Queenhypothese" (Van Valen, 1973)). 
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4. Aanbevelingen voor verder onderzoek 
 
Zoals hierboven aangehaald ontbreken er vele gegevens over de blootstelling van het milieu en 
mensen aan neonicotinoïden, alsook over de mogelijke korte- en langetermijneffecten. 
Neonicotinoïden zijn (eens te meer) een voorbeeld van een pesticide, een landbouwkundige en 
een technologische innovatie, waarbij de aandacht op de voordelen ligt, terwijl de kennis over 
mogelijke effecten op het milieu en de menselijke gezondheid achterop hinkt (von Gleich, 1999). 
Het bestaan van deze lacunes in de kennis over de voordelen en de mogelijke schade is in dit 
geval het meest kritieke pijnpunt, want de toepassing van systeeminsecticiden is snel toegenomen 
en kent op dit moment een wereldwijde verspreiding. 
 
Vele hiaten in de kennis over de effecten op de biodiversiteit en de gezondheid van het ecosysteem 
zijn geïdentificeerd en vereisen dringend verder onderzoek. Aangezien dit op de grens van de 
reikwijdte van het advies van de Raad ligt, worden meer gedetailleerde onderzoeksthema's niet 
verder besproken. Hetzelfde geldt voor het nodige onderzoek over alternatieve landbouwpraktijken 
en de betrekking van stakeholders in het ontwikkelen van alternatieve praktijken. 
 
De volgende onderzoeksthema's hebben betrekking op de menselijke gezondheidseffecten. 
 
Blootstellingen en concentraties in het milieu, ecosysteemeffecten en richtlijnen 
 
Gegevens over de concentraties in het milieu zijn schaars of ontbreken. De Raad beveelt aan om 
in België de insecticidenconcentraties in de bodem, niet-doelorganismen en oppervlaktewater 
systematisch te monitoren. Ook de effecten op ecosysteemcomponenten zouden moeten 
onderzocht en gebruikt worden om ecotoxicologische normen uit af te leiden. Deze gegevens zijn 
ook relevant voor de menselijke gezondheid, aangezien de wegen waarlangs mensen worden 
blootgesteld hun oorsprong in het milieu vinden. 
 
Externe en interne blootstelling bij de mens 
 
Mensen worden hoofdzakelijk blootgesteld via insecticidenresiduen in voedsel en drinkwater ten 
gevolge van landbouwpraktijken. Mensen in landbouwregio's kunnen ook blootgesteld worden in 
het geval van bladtoepassingen. Beroepsmatige blootstellingen zijn mogelijk bij werknemers in de 
landbouw en in de pesticidenindustrie (productie en formulering). De Raad beveelt aan dat deze 
blootstellingen onderzocht worden, niet alleen met behulp van blootstellingsmodellen gebaseerd 
op milieuconcentraties en menselijk gedrag, maar ook met behulp van technieken van menselijke 
biomonitoring. Er moet een bijzondere aandacht uitgaan naar insecticiden of de metabolieten 
daarvan die doorheen de placenta kunnen gaan en dus tot een blootstelling van de foetus kunnen 
leiden. 
 
Tot slot beveelt de Raad aan tot het verzamelen van blootstellingsgegevens van mengsels van 
pesticiden en eventueel andere milieuvervuilende stoffen, want dergelijke gegevens ontbreken 
vandaag volledig8. 
                                               
8  Dergelijke gegevens zouden ondersteuning kunnen bieden aan de initiatieven van de EFSA voor een cumulatieve 
beoordeling van pesticidenmengsels (bv. EFSA panel voor gewasbeschermingsmiddelen en de residuen daarvan, 
2013). 
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Gezondheidseffecten bij de mens 
 
Buiten enkele case reports over incidentele en intentionele blootstellingen na, ontbreekt het aan 
gegevens over de effecten op de gezondheid bij de mens. Echter, gezien de bewijzen voor geringe 
neurotoxische effecten, de aangetoonde carcinogene effecten voor thiacloprid, genotoxiciteit en 
hormoonverstorende effecten, beveelt de HGR aan om verdere toxicologische onderzoeken naar 
deze effecten uit te voeren. 
 
Ook de effecten van een chronische blootstelling aan lage niveaus van neonicotinoïden moeten 
onderzocht worden. Informatie over dergelijke effecten ontbreekt, maar er worden steeds meer 
bewijzen aangevoerd die aantonen dat, hoewel de huidige blootstellingswaarden aan deze 
insecticiden geen acute toxische effecten veroorzaken, ze het endocrien systeem kunnen 
beïnvloeden of andere langetermijneffecten teweegbrengen. Aangezien in vitro genotoxische 
effecten werden waargenomen, alsook in menselijke cellen, evenals in sommige in vivo 
dierproeven, kan het niet worden uitgesloten dat neonicotinoïden zouden kunnen bijdragen tot het 
risico op kanker. De HGR stelt voor de haalbaarheid van epidemiologisch onderzoek te bekijken, 
maar veronderstelt dat dergelijke studies enkel mogelijk zijn op grote schaal en dus op 
internationaal niveau. Een epidemiologische studie die haalbaar zou kunnen zijn en het meest 
relevant zou zijn, is die naar de effecten van blootstelling bij nakomelingen in de baarmoeder. 
Gezien de relatief recente ontwikkeling van insecticiden op basis van neonicotinoïden vergen 
dergelijke studies een longitudinale opzet. 
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5. Samenvatting 
 
Samengevat besluit de HGR dat de WIA- en EASAC-beoordelingen en andere 
onderzoeksgegevens, die de Raad in beschouwing heeft genomen, een voldoende basis bieden 
om een voorzorgsstrategie toe te passen bij het gebruik van neonicotinoïden en andere 
systeempesticiden. Een dergelijke strategie is nodig om op lange termijn de gezondheid van mens 
en ecosysteem te beschermen en moet beschouwd worden als een stap verder op weg naar een 
duurzamere maatschappij. Voor de landbouw betekent deze strategie het strikter toepassen van 
het beleid van geïntegreerde gewasbescherming. Dit zou meer bepaald een herbeoordeling van 
zaadcoating betekenen voor zover deze toepassing nu als eerste keuze gebruikt wordt in plaats 
van als een laatste toevluchtsmaatregel. Deze strategie vereist ook verder onderzoek naar de 
rechtstreekse effecten op biologische organismen, waaronder ook mensen. Gezien de 
geïdentificeerde neurologische werkingsmechanismen en potentiële endocriene en genotoxische 
of andere langetermijneffecten, beveelt de HGR een verdere beoordeling aan naar de 
adequaatheid van de huidige toxische referentieniveaus. Gezien de wereldwijde toepassing van 
systeempesticiden zou deze strategie moeten worden toegepast binnen een Europese en 
internationale context. De HGR beveelt aan dat de Belgische regering internationale initiatieven 
neemt om de strategie waarvoor de Raad pleit te promoten. Samen met de regionale overheden 
zou de regering stakeholders moeten raadplegen en betrekken bij passende 
voorzorgsmaatregelen. 
 
Het debat rond neonicotinoïden en andere systeempesticiden maakt deel uit van een breder debat 
over het gebruik van pesticiden in de landbouw en in andere toepassingen in het leefmilieu. Dit 
debat heeft duidelijk een Europees en zelfs mondiaal karakter, maar is ook relevant voor België en 
zijn regio's. De geschiedenis biedt vele bewijzen voor een voorzorgsaanpak, vooral bij een 
wijdverbreid gebruik van chemische stoffen ondanks een gebrek aan kennis over de effecten van 
een chronische blootstelling van mens en milieu. Dit zou er enerzijds moeten toe leiden dat de 
klemtoon steeds meer op alternatieven voor chemische gewasbescherming wordt gelegd, zoals 
hierboven aanbevolen. Anderzijds stelt de Raad voor om hot spots van pesticidengebruik in België 
in kaart te brengen en daarop de voorzorgsstrategieën, waarvoor in dit advies gepleit wordt, toe te 
passen. 
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VI. APPENDICES 
 
Annex 1. General information and Chemical and Environmental properties of fipronil and 
neonicotinoids 
Pesticide Manual, Footprint database, EU authorization dossiers 
 
Active 
substance 
General information and Chemical properties 
Fipronil Pesticide type: Insecticide, Veterinary substance 
Substance group: Phenylpyrazole 
Substance origin: Synthetic 
Mode of action: Broad-spectrum with contact and stomach action. GABA-gated 
chloride channel antagonist. 
Mol. wt. 437.2   
M.f. C12H4Cl2F6N4OS   
Form White solid (powder)  
M.p. 200-201 °C; (tech., 195.5-203 °C)   
V.p. 3.7 x  10-4 mPa (25 °C)   
KOW logP = 4.0 (shake flask method)   
Henry 3.7 x 10-5 Pa m3 mol-1 (calc.)   
S.g./density 1.477-1.626 (20 °C)   
Solubility In water 1.9 (pH 5), 2.4 (pH 9), 1.9 (distilled) (all in mg/l, 20 
°C). In acetone 545.9, dichloromethane 22.3, hexane 0.028, toluene 3.0 
(all in g/l, 20 °C).   
Stability Stable in water at pH 5 and 7; slowly hydrolysed at pH 9 (DT50 c. 
28 d). Stable to heat. Slowly degrades in sunlight (c. 3% loss after 12 d 
continuous irradiation); rapidly photolysed in aqueous solution (DT50 c. 
0.33 d).  
In plants, animals and the environment, fipronil is metabolised via reduction 
to the sulfide, oxidation to the sulfone, and hydrolysis to the amide. In the 
presence of sunlight, a photodegradate also forms via sulfoxide extrusion. 
The sulfide, sulfone and photodegradate are known to act at the GABA 
receptor site, whereas the amide does not.   
Animals In rats, once absorbed, the distribution and metabolism of fipronil 
is rapid. Elimination is mainly via the faeces as fipronil and its sulfone. The 
two major urinary metabolites were identified as conjugates of ring-opened 
pyrazole products. The distribution of radioactive residues in tissues was 
extensive after seven days. In goats and hens, the sulfone was the only 
metabolite identified in tissues.   
Plants When applied as an incorporated soil treatment to cotton, maize, 
sugar beet or sunflowers, uptake of fipronil into plants in all cases was low 
(c. 5%). At crop maturity, the major residue components observed in all 
plants were fipronil, the sulfone, and the amide. Following foliar application 
to cotton, cabbage, rice and potatoes, at crop maturity, fipronil and the 
photodegradate were the major residue components.   
Soil/Environment Results of lab. and field studies: Readily degraded: 
major degradates in soil (aerobic) are sulfone and amide, (anaerobic) are 
sulfide and amide. Photolysis of soil-applied fipronil gives the 
photodegradate together with sulfone and amide. Koc 427 (Speyer 2.2) to 
1248 (sandy loam). Both fresh and aged column leaching studies (5 soils) 
indicate that fipronil and its metabolites present a low risk of downward 
movement in soil; this is supported by field dissipation studies. Following 
soil incorporated in-furrow granular applications, quantifiable residues 
were confined to the top 30 cm of soil, with no significant lateral movement 
or residues.   
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Soil degradation (days) (aerobic) DT50 (typical) 142 days, (lab at 20°C) 
142days, (field) 65 days  
 
Imidacloprid Pesticide type: Insecticide, Veterinary substance 
Substance group: Neonicotinoid 
Substance origin: Synthetic 
Mode of action: Systemic with contact and stomach action. Acetylcholine 
receptor (nAChR) agonist. 
Mol. wt. 255.7   
M.f. C9H10ClN5O2   
Form Colourless crystals, with a weak characteristic odour.   
M.p. 144 °C   
V.p. 4 x 10-7 mPa (20 °C); 9 x 10-7 mPa (25 °C)   
KOW logP = 0.57 (21 °C)   
Henry 2 x 10-10 Pa m3 mol-1 (20 °C, calc.)   
S.g./density 1.54 (23 °C)   
Solubility In water 0.61 g/l (20 °C). In dichloromethane 55, isopropanol 
1.2, toluene 0.68, n-hexane <0.1 (all in g/l, 20 °C).   
Stability Stable to hydrolysis at pH 5-11. 
Animals After oral administration of methylene-14C- and 4,5-
imidazolidine-14C-labelled imidacloprid to rats, the radioactivity was 
quickly and almost completely absorbed from the gastro-intestinal tract and 
quickly eliminated (96% within 48 hours, mainly via the urine). Only c. 15% 
was eliminated as unchanged parent compound; the most important 
metabolic steps were hydroxylation at the imidazolidine ring, hydrolysis to 
6-chloronicotinic acid, loss of the nitro group with formation of the guanidine 
and conjugation of the 6-chloronicotinic acid with glycine. All metabolites 
found in the edible organs and tissues of farm animals contained the 6-
chloronicotinic acid moiety. Imidacloprid is also quickly largely eliminated 
from hens and goats.   
Plants Metabolism was investigated on rice (after soil treatment), maize 
(seed treatment), potatoes (granule or spray application), aubergines 
(granules) and tomatoes (spray treatment). In all cases, imidacloprid is 
metabolised by loss of the nitro group, hydroxylation at the imidazolidine 
ring, hydrolysis to 6-chloronicotinic acid and formation of conjugates; all 
metabolites contained the 6-chloropyridinylmethylene moiety.   
Soil/Environment In lab. studies, the most important metabolic steps were 
oxidation at the imidazolidine ring, reduction or loss of the nitro group, 
hydrolysis to 6-chloronicotinic acid and mineralisation; these processes 
were strongly accelerated by vegetation. Imidacloprid shows a medium 
adsorption to soil. Column leaching tests (with prior ageing) with a.i. and 
various formulations showed that imidacloprid and soil metabolites are to 
be classified as immobile; leaching into deeper soil layers is not to be 
expected if imidacloprid is used as recommended. Stable to hydrolysis 
under sterile conditions (under exclusion of light). Environmental DT50 c. 4 
h (calc., based on tests of direct photolysis in aqueous solutions). Besides 
sunlight, the microbial activity of a water/sediment system is an important 
factor for the degradation of imidacloprid.   
Soil degradation (days) (aerobic) DT50 (typical) 191 days, (lab at 20°C) 
187days, (field) 174 days 
  
Thiamethoxam Pesticide type: Insecticide 
Substance group: Neonicotinoid 
Substance origin: Synthetic 
  
− 74 − 
Hoge Gezondheidsraad 
www.hgr-css.be 
Mode of action: Broad spectrum, systemic with contact and stomach action. 
Acetylcholine receptor (nAChR) agonist. 
Mol. wt. 291.7   
M.f. C8H10ClN5O3S   
Form Crystalline powder.   
M.p. 139.1 °C   
V.p. 6.6 x 10-6 mPa (25 °C)   
KOW logP = -0.13 (25 °C)   
Henry 4.70 x 10-10 Pa m3 mol-1 (calc.)   
S.g./density 1.57 
Solubility In water 4.1 g/l (25 °C).  In organic solvents at 20°C 1mg l-1 
hexane, 680 mg l-1 toluene, 48000 mg l-1 acetone, 7000 mg l-1 ethyl 
acetate 
Stability pH sensitive: stable pH 1 to pH 7, DT50 11.5 days at pH 9, all at 
20 °C 
Animals Quickly and completely absorbed, rapidly distributed in the body 
and rapidly eliminated. The toxicokinetics and metabolism are not 
influenced by the route of administration, the dose level, pre-treatment, the 
site of label or the sex of animals. The major metabolic pathways are 
essentially the same in rats as in mice, goats and hens.   
Plants Degradation/metabolism has been studied in 6 different crops with 
soil, foliar and seed treatment application. The qualitative metabolic pattern 
was similar for all types of applications and for all studied crops.   
Soil/Environment Soil DT50 (median) 51 d. Stable in water under acid 
conditions, hydrolysed under alkaline conditions. Aqueous photolysis 
occurs rapidly. No bioaccumulation.   
Soil degradation (days) (aerobic) DT50 (typical) 50 days, (lab at 20°C) 
121 days, (field) 39 days 
  
Clothianidin 
(Footprint 
database) 
Pesticide type: Insecticide, Metabolite 
Substance group: Neonicotinoid 
Substance origin: Synthetic 
Mode of action: Translaminar and root systemic activity. Acetylcholine receptor 
(nAChR) agonist. 
Mol. wt. 249.7   
M.f. C6H8ClN5O2S   
Form Colourless powder 
M.p 176.8 °C 
V.p. 2.8 X 10-08 mPa (25°C)  
KOW  Log P  0.905 (pH 7, 20°C) 
Henry 2.9 X 10-11 Pa m3 mol-1 (25 °C) 
S.g./density 1.61 
Solubility In water at 20°C 340 mg l-1 (pH 10); In organic solvents at 
20°C 1.04 mg l-1 heptane, 12.8 mg l-1 xylene, 15200 mg l-1 acetone, 2030 
mg l-1 ethyl acetate 
Soil degradation (days) (aerobic) DT50 (typical) 545 days, (lab at 20°C) 
545 days, (field) 121.2 days 
Stability Stable pH 4 to pH 9 at 20 °C, hydrolysis occurs in alkali media 
at elevated temperatures e.g. DT50 14.4 days at pH 9, 50 °C 
 
Acetamiprid Pesticide type: Insecticide 
Substance group: Neonicotinoid 
Substance origin: Synthetic 
Mode of action: Systemic with translaminar activity having both contact and 
stomach action. Acetylcholine receptor (nAChR) agonist. 
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Mol. wt. 222.7   
M.f. C10H11ClN4   
Form Colourless crystals.   
M.p. 98.9 °C   
V.p. <1 x 10-3 mPa (25 °C)   
KOW logP = 0.80 (25 °C)   
Henry <5.3 x 10-8 Pa m3 mol-1 (calc.)   
S.g./density 1.330 (20 °C)   
Solubility In water 4250 mg/l (25 °C). Soluble in acetone, methanol, 
ethanol, dichloromethane, chloroform, acetonitrile and tetrahydrofuran.   
Stability Stable in buffered solutions at pH 4, 5, 7. Degraded slowly at pH 
9 and 45 °C. Stable under sunlight.   
pKa 0.7, v. weak base 
Plants Slowly degraded on or in plants, forming five identified metabolites 
(H. Saito et al., Proc. 9th IUPAC Int. Congr. Pestic. Chem., London, 1998, 
2, 5A-010).  Soil/Environment DT50 in clay loam 1 d; in light clay 1-2 d. 
DT50 for total residues 15-30 d.   
Soil degradation (days) (aerobic) DT50 (typical) 3 days, (lab at 20°C) 2.6 
days, (field) 3 days 
 
Thiacloprid Pesticide type: Insecticide, Molluscicide 
Substance group: Neonicotinoid 
Substance origin: Synthetic 
Mode of action: Contact and stomach action with some systemic properties. 
Acetylcholine receptor (nAChR) agonist. 
Mol. wt. 252.7   
M.f. C10H9ClN4S   
Form Yellowish powder 
M.p. 136 °C 
V.p. 3 x 10-7 mPa (20 °C)  
KOW Log P = 1.26 (pH 7, 20 °C) 
Henry 5.00 X 10-10 Pa m3 mol-1 (25°C) 
S.g./density 1.46 
Solubility In water 185 mg/l (20 °C). In organic solvents at 20°C 100 mg 
l-1 n-hexane, 300 mg l-1 xylene, 64000 mg l-1 acetone, 9400 mg l-1 ethyl 
acetate 
Stability Stable pH 5 to pH 9 
Soil/Environment Soil DT50 (6 soils) 7-21 d; soil mobility (6 soils) low to 
medium. 
Soil degradation (days) (aerobic) DT50 (typical) 15.5 days, (lab at 20°C) 
1.3 days, (field) 18 days 
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Annex 2. (Eco-)Toxicity data 
Database Lab Phytopharmacy UGent 
 
Active substance ADI * 
(mg /kg 
BW/day) 
ARfD ** 
(mg/kg BW) 
AOEL***  
(mg/kg 
BW/day) 
MAC **** 
(mg/l) 
Fipronil 0.0002 0.009 0.0035 0.0015 
Imidacloprid 0.06 0.08 0.08 0.18 
Thiamethoxam 0.026 0.5 0.08 0.018 
Clothianidin 0.1 0.1 0.1 0.012 
Acetamiprid 0.07 0.1 0.124 short 
term 
0.07 long term 
0.5 
 
Thiacloprid 0.01 0.03 0.02 0.302 
*Acceptable Daily Intake (ADI, mg/kg BW/day) 
**Acute Reference Dose (ARfD, mg/kg BW) 
***Acceptable Operator Exposure Level (AOEL, mg/kg BW/day) 
**** Maximum Allowable Concentration in water (MAC). Toxicity on aquatic life (the lower the value, 
the higher concern); MAC = minimum (0.01  LC50,FISH; 0.01  EC50, DAPHNIA; 0.1  NOECALGAE) 
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Annex 3. Active Substance, Product Name, Professional (P) or Private use (G), 
Authorisation 
FPS Health, Food Chain Safety and Environment, DG Animals and Plants 
 
 Active Substance Product Name Auth. Nr. Auth. Recall.  
1 ACETAMIPRID ANTILOPSG 9845P/B N 
2  BELROSE COMBI RTU 10001G/B N 
3  DUO-STICK 9678G/B N 
4  EXXODUSSG 9898P/B N 
5  FOR-INSECT 9893G/B N 
6  FOR·INSECT RTU 9890G/B N 
7  GAZELLE 9374P/B N 
8  GAZELLESG 9807P/B N 
9  MOSPILAN 9375P/B N 
10  MOSPILAN SG 10105P/B N 
11  MULTISECT 9663G/B N 
12  MULTISECT AEROSOL 9666G/B N 
13  MULTISECT GEBRUIKSKLAAR PREP 9665G/B N 
14  ROSECLEAR 9843G/B N 
15  ROSECLEAR SPRAY 9844G/B N 
16  SUBSTRAL PLANTEN SPRAY 9667G/B N 
17 CLOTHIANIDIN ARGENTO 9855P/B N 
18  JANUS 9499P/B N 
19  PONCHO 600 FS 9472P/B N 
20  PONCHO BETA 9474P/B N 
21  PONCHOMAIS 9823P/B Y 
22 FIPRONIL KB MIEREN SG 9322GIB Y 
23  MUNDIAL 9196P/B N 
24  PRE MIS OMEGA 9115P/B Y 
25  REGENT FS 9197P/B Y 
26  REGENT PLUS 8941P/B Y 
27  VASCO 9297P/B Y 
28 IMIDACLOPRID AVEVE BODEMINSECTEN GAZON 10129G/B Y 
29  BAYGON SPRAY TGN INSECTEN OP SIERPLANTEN 9139P/B Y 
30  BAZOOKA 9592P/B N 
31  BELEM 9518P/B N 
32  COMPO PLANT SPRAY 9228P/B Y 
33  CONFIDOR 200 00 9658P/B N 
34  CONFIDOR 200 SL 8686P/B N 
35  GARDIFLOR ANTI-BLADLUIS 9224G/B Y 
36  GARDIFLOR DUO PIN  9227G/B Y 
37  GARDIFLOR PLANT SPRAY 9213G/8 Y 
38  GAUCH070WS 8330P/B N 
39  GAUCHO BLE 9043P/B Y 
40  GAUCHO ORGE 8955P/B Y 
41  GAUCHO R 70 WS 8396P/B Y 
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42  IMPRIMO 9363P/B N 
43  KOHINOR 200 SL 9583P/B N 
44  MERIT TURF 10145P/B N 
45  MONTUR 190 FS 9234P/B Y 
46  MONTUR F.ORTE 9615P/B N 
47  NUPRID70WS 9761P/B N 
48  PROVADO COMBI PIN 8967G/B Y 
49  PROVADO GARDEN 8966G/B Y 
50  PROVADO GARDEN GAZON/INSECT 10128G/B Y 
51  PROVADO MULTICARE 9697G/B Y 
52  PROVADO PLUS 8988G/B Y 
53  PROVADO ULTRA 9466G/B Y 
54  SOMBRERO 9757PIB N 
55  WARRANT 200 SL 9527P/B N 
56  WARRANT 700 10222P/B N 
57 THIACLOPRID BISCAYA 24000 9545P/B N 
58  CALYPSO 9352P/B N 
59  CAL YPSO GARDEN 10070G/B N 
60  CALYPSO SPRAY 10033G/B N 
61 THIAMETHOXAM ACTARA 9916P/B N 
62  AXORIS QUICK-GRAN 9689G/B Y 
63  AXORIS QUICK-SPRAY 9660G/B Y 
64  AXORIS QUICK-STICKS 9690G/B Y 
65  AXORIS TRIPLE 9876G/B Y 
66  CRUISER 9335P/B N 
67  CRUISER 350 FS 9713P/B Y 
68  CRUISER 600 FS 9763P/B N 
69  CRUISER 70 WS 9295P/B Y 
70  CRUISER XXX 9746P/B Y 
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Annex 4. Sale and use figures of fipronil and the neonicotinoids. Data are available for 
Belgium and Flanders 
FPS Health, Food Chain Safety and Environment; Department of Agriculture and Fisheries of the 
Flemish public authority; Phytofar; Région Wallonne 
 
Active substance Belgian sales figures (kg) 
2008 2009 2010 2011 2012 2013 2014 
Fipronil 3575.05 0.00 0.00 0.00 0.00 0.00 0.00 
Imidacloprid 29394.59 32825.74 28877.56 28055.96 25481.28 28760.00 23614.03 
Thiamethoxam 3220.27 6304.27 9270.02 7804.12 25273.00 14704.00 7288.07 
Clothianidin 1032.00 3167.60 4933.60 6187.20 7257.60 7782.00 6220.80 
Acetamiprid 235.60 220.23 117.29 975.72 746.70 873.00 1611.61 
Thiacloprid 5423.28 4559.76 4726.80 7189.44 5566.83 4376.00 5088.07 
Total Nnc 42880.79 47077.6 47925.27 50212.44 64325.41 56495.00 43822.58 
The 2014 data are not yet consolidated, and at this stage to be considered as provisional. 
Active substance Belgian use figures (kg) 
2010 2011 2012 
Fipronil 779.18 822.28 721.99 
Imidacloprid 3874.74 3089.59 3115.87 
Thiamethoxam 311.65 2412.55 2746.01 
Clothianidin 0 0 0 
Acetamiprid 214.92 797.6 702.55 
Thiacloprid 4411.22 4010.39 3045.21 
 
Active substance Walloon use figures (kg)* 
2010 2011 2012 
Fipronil 19 0 0 
Imidacloprid 22 21 4 
Thiamethoxam 26 38 0 
Chlotianidine 0 0 0 
Acetamiprid 0.22 220 56 
Thiacloprid 1217 1475 983 
*“For a lot of active substances concerned no quantities applied on the treated seeds bought by the farmer 
are available. For certain active substances this is exactly the most important use.” 
 
 
Active substance Flemish use figures (kg) 
2009 2010 2011 2012 
Fipronil 712.53 760.18 822.28 721.99 
Imidacloprid 3326.44 3852.74 3068.59 3111.87 
Thiamethoxam 294.09 285.65 2374.55 2746.01 
Clothianidin 1074.18 - - - 
Acetamiprid 263.08 214.70 577.60 646.55 
Thiacloprid 2550.49 3194.22 2535.39 2062.21 
 
Active substance Flemish agricultural use figures (kg) 
2009 2010 2011 2012 
Fipronil 426.32 452.72 560.60 460.04 
Imidacloprid 1247.37 1426.70 1044.18 1384.91 
Thiamethoxam 27.96 26.87 63.31 160.35 
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Clothianidin 0 - - - 
Acetamiprid 154.45 107.82 468.98 622.53 
Thiacloprid 2550.33 3194.06 2534.90 2055.15 
 
Active substance Flemish non-agricultural use figures (kg) 
2009 2010 2011 2012 
Fipronil 0.84 0.84 0.84 1.56 
Imidacloprid 273.14 506.97 311.00 222.70 
Thiamethoxam 2.57 13.60 10.10 13.05 
Clothianidin - - - - 
Acetamiprid 285.89 281.26 285.82 63.19 
Thiacloprid 0.42 0.42 1.28 18.57 
 
Active substance Flemish seed treatment figures (kg) 
2009 2010 2011 2012 
Fipronil 285.89 307.14 261.35 261.35 
Imidacloprid 1975.28 2233.40 1906.24 1642.34 
Thiamethoxam 265.16 253.62 2307.41 2580.70 
Clothianidin 1074.18 - - - 
Acetamiprid - - - - 
Thiacloprid - - - - 
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Annex 5. Advice 18-2015 of the Scientific Committee of the FASFC on the exposure of the 
Belgian population to residues of plant protection products between 2008 and 2013 
through the consumption of fruit and vegetables 
 
 
  
a) Acetamiprid 
 
b) Imidacloprid 
 
 
 
c) Thiacloprid  
 
 
Quantities of pesticides (actives substances) sold in Belgium ('sold V' : relative units), frequency of detection of 
pesticides residues in fruits and vegetables on the Belgian market ('det freq', %), and average and P97.5 
chronical exposure, expressed as a percentage of the ADI ('%ADI av' and '%ADI P97,5', respectively) of the 
Belgian population to pesticides residues through fruit and vegetables consumption (deterministic approach, 
middle bound scenario (i.e. results < LOQ = ½ LOQ), the higher limits of the error bars correspond to the upper 
bound scenario (results < LOQ = LOQ) and the lower limits of the error bars correspond to the lower bound scenario 
(results < LOQ = 0)). ADI are from the EU pesticide database 
(http://ec.europa.eu/sanco_pesticides/public/index.cfm?event=activesubstance.selection&a=1) consulted on 
September 2014. 
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Annex 6: Additional information regarding the neurotoxicity of neonicotinoids 
Kimura-Kuroda et al., 2012. 
 
Experimental design and results of the Kimura-Kuroda study 
 
The in vitro system consisted of primary cell cultures of rat Cerebellar Granular Cells (CGCs), 
isolated from post-natal day 1 (PND1) pups, that were cultured for 14 days in vitro (DIV). The cell 
proportion was CGCs (90 %), Purkinje cells (1 %) and astrocytes (5 %). In this system, CGCs 
expressed several types of nAChR, which were confirmed by measuring mRNA expression of these 
receptor subunits at 14-16 DIV. 
 
The cultures were exposed to 0.5 to 100 μM solutions of the test substances using continuous 
perfusion by means of a peristaltic pump for up to 10’. A subset of perfusions was followed up by 
exposure to 100 mM KCl about 500” thereafter, in an attempt to stimulate the neurons. Another 
subset included prior application of selective antagonists for different types of nAChRs. The 
parameter studied was the Ca2+ influx measured (indicating the neuronal excitation by the 
neonicotinoid agonists via the nAChR’s channels) using a Fluo-4-based assay and the related 
excitatory patterns in cell cultures and single cells. The peak intracellular concentrations of Ca2+ 
and the proportion of the excited neurons were measured. The influence of prior administration of 
the antagonists was also assessed. 
 
Following observations were reported in the Kimura-Kuroda study: 
 The cells in culture were identified as >90 % cerebellar granule cells (CGC), 1 % Purkinje 
neurons and 5 % astrocytes, on morphological and immunohistochemical basis. The 
nAChR were successfully characterised by RT-PCR, while mRNA of the receptors were not 
expressed in non-competent renal fibroblasts. 
 Administration of nicotine, ACE and IMI induced a characteristic excitatory pattern of 
intracellular Ca2+ influx at 1–100 mM in small neurons. The kinetics (Intensity vs. time) 
exhibited a representative firing pattern, i.e. a rapid rise and fall of signal in these cells 
following applications of nicotine at and a rapid rise but gradual fall in the firing patterns of 
these cells following applications of ACE and IMI (except ACE at 1 µM which has about the 
same profile as nicotine).  
 Treatment with either nicotine, IMI or ACE suppressed the response of cells to an increase 
in extracellular 100 mM KCl (causes membrane depolarisation and thus an increase in Ca2+ 
influx via voltage-dependent calcium channels). The lack of response to KCl (100 mM) was 
observed after application of ACE or IMI (even after washing the compounds out), indicating 
that neurons were in a non-conducting, inactivated state, possibly demonstrating damage 
caused by these compounds to the neurons, which might not be able to respond correctly 
to a physiological stimulus.  
A normal Ca2+ influx response following KCl was observed for nicotine at the highest dose 
tested (100 μM), while neither 10 nor 1 μM produced this effect. The reason of this different 
response between top-dose and lower dose nicotine remained unexplained. 
 When ≤0.5µM of nicotine, ACE and IMI was applied to the cerebellar cells, the authors did 
not observe significant Ca2+ influx during at least 3 independent replications, indicating an 
apparent threshold effect. It was unfortunate that intermediate concentrations had not been 
tested. 
 It was noted that neither Purkinje cells nor astrocytes did exhibit meaningful Ca2+ influxes. 
 At concentrations of 1 mM and above, ACE and IMI caused distinctive excitations in 
numerous small neurons, and the peak relative fluorescence intensities of Ca2+ influx did 
not exhibit a clear dose-dependency, but were at approximately the same level. 
Administration of nicotine evoked a ca. 1.7 higher peak of Ca2+ influx (p<0.05) than those 
of ACE and IMI, which exhibited similar peak values (no statistically significant differences 
between a.s.). 
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 The proportions of the neurons excited by nicotine were higher than those excited by IMI. 
At 1 mM, ACE excited a similar proportion of the neurons to nicotine, and both ACE and IMI 
at 10 or 100 mM excited similar proportions of the neurons. 
 Pre-incubation with nAChR antagonists significantly inhibited the excitations and Ca2+ 
influxes in small neurons induced by nicotine, ACE or IMI at 100 mM. After removal of the 
antagonists, the same neurons were again excitable by the agonists. It was observed that 
the heteromeric antagonist also blocked the α7 response, which was unexpected and was 
hardly explained (potential combined responses between heteromeric and homomeric 
nAChR?). 
 
A number of comments on the methodology of the Kimura-Kuroda study were identified: 
 Exposure was performed acutely at 14 DIV, corresponding to a time of advanced 
maturation (could be considered adult neurotoxicity rather than developmental 
neurotoxicity).  
 Additional DNT endpoints should have been studied to determine if key developmental 
processes, such as neuronal migration, differentiation, glial proliferation and maturation, 
might be affected by the exposure during early stages of cell culture, prior to the time when 
neurons are fully differentiated (approximately 10 DIV). 
 The replacement at 2 DIV by serum-free synthetic medium to prevent growth of astrocytes, 
resulted in ca. 5 % astrocytes instead of 18 % (~13 % astrocytes and ~5 % microglia). Since 
the presence of glia (especially astrocytes) protects neurons against toxic insults, low 
content of glial cells could have less direct relevance in vivo (but constitutes a worst-case 
situation for the reviewer). 
 It is not known whether the use of KCl-free medium is optimal for CGCs as it could affect 
the process of neuronal maturation as well as the response of the CGCs to the applied 
treatments (an average of 25 mM KCl would be critical for the maintenance of the granule 
cells). 
 Kinetic studies of nAChR expression should have been conducted, which would have 
indicated at what developmental stage these receptors are expressed, to define what 
role they play in neuronal differentiation. 
 nAChR antagonists were used to ascertain that Ca2+ influx was due to activation of nAChRs. 
Two antagonists believed to be selective for a particular receptor subtype were used: α-
bungarotoxin for the α7 subtype (homomer, particularly abundant in developing rodent 
brains) and dihydro-ß-erythroidine (DHbE) for α4ß2 and α3ß4 subtypes.  
 Since the metabolic activity of the cultured neuronal and glial cells is low or absent, the 
obtained results could underestimate (e.g. desnitro imidacloprid is more toxic than the 
parent) or overestimate (e.g. acetamiprid metabolites seem less toxic) the situation in-vivo. 
 Minor observations pertains the exactness of the determination of the final concentrations, 
the low number of tested concentrations, and slight variability in the time of addition of 100 
µM KCl. 
 The imaging of Ca2+ influx was considered a useful indirect measure of action-potential 
generation within individual neurons, allowing monitoring the activity of a large population 
of neurons at single-cell resolution. 
 
 
Regulatory studies on acetampirid and imidacloprid: methodology 
 
In the PPR opinion, the toxicological endpoints of acetamiprid and imidacloprid are cited and 
discussed. For the purpose of this review, only the key studies pertaining on developmental 
neurotoxicity (DNT) are described in short. 
 
Following scheme depicts the conduct of DNT assays in the EU/EPA context: 
EU Test method B.53 Developmental neurotoxicity study (Reg No (EU) no 900/2014, cfr OECD TG 
443) 
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PS: In the EU Test method B.53, the a.s. is administered from the time of implantation (GD6) until 
and including postnatal day 21 (PND21). 
 
 
 
 
Additional information: Further evaluations of other neonicotinoids 
 
 For clothianidin, tested at 0, 12.9, 42.9 and 142 mg/kg BW/d, there was a proper DNT 
which was evaluated during the EU-Peer Review (2003). Altered acoustic startle 
habituation, motor activity, surface righting reflex and histomorphometric findings (a.o. 
reduced dentate gyrus, cerebellum germinal layer, caudate putamen) were reported at the 
top-dose; the mid-dose was investigated but neither consistent behavioural adverse signs 
nor histomorphometric adverse findings were found. Therefore, it is considered that its most 
relevant DNT NOAEL (12.9 mg/kg BW/d) is covering the existing RfD. 
 
 For thiamethoxam, only an EPA evaluation was available, with a DNT study where 0, 4.3, 
34.5 and 298.7 mg/kg BW/d was tested. The EPA considered the a.s. devoid of any 
behavioural adverse effect, and overall, no consistent finding was evident. However, 
auditory startle reflexes could be considered altered at the top-dose. In addition, brain 
weights were slightly lower at the mid-dose and above. Morphometry revealed reduced 
thicknesses/heights and/or widths at cerebellum, frontal cortex and thalamus level, 
essentially at the top-dose. EPA noted that not all histomorphometric assessments were 
performed at the intermediate doses. The lowest relevant NOAEL is covering the ADI and 
AOEL, but is slightly lower than the ARfD. A downwards revision of the ARfD is possible, 
and should be verified at the occasion of a next-coming EU-evaluation. 
 
 For thiacloprid, there is also a DNT study (0, 4.4, 25.6 and 40.8 mg/kg BW/d), which is 
available via EPA (2003) and JMPR (2006). In the EPA-report, subtle effects on motor 
activity, auditory startle and passive avoidance were noted at the middle and top-dose, and 
thinner corpus striatum, corpus callosum and dentate gyrus were noted at the top-dose. 
The lowest dose was a NOAEL, but the EPA noted that the histomorphometric assessments 
were not done at the intermediate doses. However, the lowest dose could be reasonably 
considered sufficiently protective. 
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VII. COMPOSITION OF THE WORKING GROUP 
 
The composition of the Committee and that of the Board as well as the list of experts appointed by 
Royal Decree are available on the following website: composition and mode of operation. 
 
All experts joined the working group in a private capacity. Their general declarations of interests 
as well as those of the members of the Committee and the Board can be viewed on the SHC 
website (site: conflicts of interest). 
 
The following experts were involved in drawing up and endorsing this advisory report. The working 
group was chaired by Luc HENS; the scientific secretary was Marleen VAN DEN BRANDE. 
 
ADANG Dirk Health and environment UCL 
BOURGUIGNON Jean-Pierre Pediatric endocrinology ULg 
DUVERGER Martine Toxicology WIV-ISP 
GODDERIS Lode Occupational and environmental 
medecine 
KULeuven 
HEILIER Jean-François Toxicology SPW 
HENS Luc Human ecology VITO 
HOLSBEEK Ludo Risk assessment, pesticides LNE 
JACOBS Frans Entomology, apiculture UGent 
KEUNE Hans Ecosystem services, environment and 
health, risk assessment 
Belgian Biodiversity 
Platform & INBO & 
UA 
PASSCHIER Wim Environmental health risk assessment University 
Maastricht 
SCIPPO Marie-Louise Biocides and pesticides ULg 
SMAGGHE Guy Biocides and pesticides UGent 
SPANOGHE Pieter Pesticides UGent 
STEURBAUT Walter Human exposure UGent 
VAN LAREBEKE Nicolas Toxicology UGent 
VAN MAELE Geneviève Pesticides and health UCL 
 
The advisory report has been endorsed as well by Norbert FRAEYMAN (Toxicology and 
environmental toxicology – UGent) as member of the standing working group Chemical Agents. 
 
The following experts were heard but did not take part in endorsing the advisory report: 
 
CASTELAIN Philippe Toxicology WIV-ISP 
SIMON DELSO Noa Co-author WIA-study CARI Louvain-la-
Neuve 
VAN DER SLUIJS Jeroen Co-author WIA-study University of 
Bergen, Norway 
 
The following experts peer reviewed the advisory report but did not take part in endorsing it: 
 
NIKOLOPOULOU-STAMATI 
Polyxeni 
Environmental Pathology, Environment 
and health 
National and 
Kapodistrian 
University of Athens 
 
The following administrations and/or ministerial cabinets were heard: 
 
FONTIER Herman Pesticides and fertilisers FPS Health, Food Chain 
Safety and Environment 
LAHAYE Marie-Christine MRB Biocides FPS Health, Food Chain 
Safety and Environment 
VIDICK Nicolas MRB Biocides FPS Health, Food Chain 
Safety and Environment 
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Over de Hoge Gezondheidsraad (HGR) 
 
De Hoge Gezondheidsraad is een federaal adviesorgaan waarvan de FOD Volksgezondheid, 
Veiligheid van de Voedselketen en Leefmilieu het secretariaat verzekert. Hij werd opgericht in 1849 
en geeft wetenschappelijke adviezen i.v.m. de volksgezondheid aan de ministers van 
Volksgezondheid en van Leefmilieu, aan hun administraties en aan enkele agentschappen. Hij doet 
dit op vraag of op eigen initiatief. De HGR probeert het beleid inzake volksgezondheid de weg te 
wijzen op basis van de recentste wetenschappelijke kennis. 
 
Naast een intern secretariaat van een 25-tal medewerkers, doet de Raad beroep op een uitgebreid 
netwerk van meer dan 500 experten (universiteitsprofessoren, medewerkers van 
wetenschappelijke instellingen, praktijkbeoefenaars, enz.), waarvan er 300 tot expert van de Raad 
zijn benoemd bij KB; de experts komen in multidisciplinaire werkgroepen samen om de adviezen 
uit te werken. 
 
Als officieel orgaan vindt de Hoge Gezondheidsraad het van fundamenteel belang de neutraliteit 
en onpartijdigheid te garanderen van de wetenschappelijke adviezen die hij aflevert. Daartoe heeft 
hij zich voorzien van een structuur, regels en procedures die toelaten doeltreffend tegemoet te 
komen aan deze behoeften bij iedere stap van het tot stand komen van de adviezen. De 
sleutelmomenten hierin zijn de voorafgaande analyse van de aanvraag, de aanduiding van de 
deskundigen voor de werkgroepen, het instellen van een systeem van beheer van mogelijke 
belangenconflicten (gebaseerd op belangenverklaringen, onderzoek van mogelijke 
belangenconflicten en een Commissie voor Deontologie) en de uiteindelijke validatie van de 
adviezen door het College (eindbeslissingsorgaan van de HGR, samengesteld uit 40 leden van de 
pool van benoemde experten). Dit coherent geheel moet toelaten adviezen af te leveren die 
gesteund zijn op de hoogst mogelijke beschikbare wetenschappelijke expertise binnen de grootst 
mogelijke onpartijdigheid. 
 
Na validatie door het College worden de adviezen overgemaakt aan de aanvrager en aan de 
minister van Volksgezondheid en worden ze gepubliceerd op de website (www.hgr-css.be). 
Daarnaast wordt een aantal onder hen gecommuniceerd naar de pers en naar bepaalde 
doelgroepen (beroepsbeoefenaars in de gezondheidssector, universiteiten, politiek, 
consumentenorganisaties, enz.). 
 
Indien u op de hoogte wilt blijven van de activiteiten en publicaties van de HGR kunt u een mail 
sturen naar info.hgr-css@health.belgium.be. 
 
 
 
